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PREFACE 



The importance of electricity as applied to mines has been so 
fully established that the authors of this work have taken little 
trouble to argue the necessity for its installation in all cases where 
the circumstances ].>ermit or justify its use. 

Prejudice played its usual part during the early period of the 
advent of electricity into the region of mining. Insufficiency of 
precautions against failure, or actual ignorance of essential require- 
ments, did much to set abroad a spirit of antagonism, with the 
consequence that the development of electricity in its application to 
mining was greatly retarded. Even at the present time, when so 
many collieries have adopted electricity for haulage, pumping, coal- 
cutting, lighting, and other purposes, occasional accidents directly 
traceable to failure in one form or another of the electrical plant 
give rise to adverse comment and wholesale condemnation of the 
electric current as a suitable form of power for colliery work. It is 
to be feared that the true explanation of such events could be traced 
to insufficiency of knowledge on the part of men whose position 
requires of them a fuller understanding of the nature and possibilities 
of the power under their control. However, be this as it may, the 
fact remains that electricity is far and away the most efficient and 
economical form of power as yet within our reach for transmission 
down the mine. 

Sometimes a statement is made to the effect that the installation 
of electric plant means considerable additional initial expenditure, 
which would be avoided were direct steam transmission adopted. 
This of course is undeniable, but then the ultimate saving in working 
cost, the economy in power transmission, the greater flexibility of 
the electric power in the diversity of uses to which it can be applied, 
will very soon more than repay the extra first cost. Besides, apart 
from any electrical consideration whatever, it is obvious that in 
a steam-driven generator set, jsupplying power to the whole mine or 
even to a group of mines, the engines can be worked at a considerably 
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lower cost per horse-power hour than can a number of smaller steam 
plants working independently, and operating different gears direct. 
In the first case, the most modem type of engine may be employed, 
while, in the second case, that would probably be impracticable 
owing to the smallness of the power required. 

In consequence of the vast and ever-increasing growth of electric 
power in mines, it is absolutely imperative that not only the colliery 
manager, the mining student, and the colliery electrician, but 
everyone who at any time has occasion to come into contact with 
electrical apparatus of any description, should possess a clear grasp 
of the fundamental principles underlying the generation, transmission 
and utilisation of the electric current. Apart, however, from the 
purely scientific aspect of the subject, there remains, in the applica- 
tion of electricity to mining operations, numerous problems which 
call for special consideration, and which in themselves form a study, 
all-important to the student of mining. 

Having regard, therefore, to this twofold aspect of the subject, the 
authors of the present treatise have devoted their attention, firstly, 
to the inclusion of sufficient electrical teaching as may be presumed 
to be necessary for the training of a thoroughly practical and com- 
petent manager of a colliery; and secondly, to the description of 
every application of electric power to mining that has yet been 
successfully attempted. 

In a work of this nature, in which the knowledge of the electrician 
must be linked to the experience of the mine manager, it will be 
readily granted that joint authorship is very desirable, if not altogether 
essential. 

Throughout this book the special requirements of the student 
have been recognised. A feature of the book is the tables of cost 
and productive results, which are given in a special chapter and 
elsewhere. That the book will prove of use to those for whom it 
has been designed is the authors' earnest wish. 

W. GALLOWAY DUNCAN. 

DAVID PENMAN. 

October 1908. 

Our thanks are due the following for information given in their writings : 
Davidge and Hutcheson, Maycock, Ayrton, Ripper, Dawson, and others. To 
those firms who kindly supplied information and illustrations of their specialities, 
and to the Editor of Science and Art of Mining for permission to reprint portions 
of certain articles written by one of the authors, we are deeply indebted. 
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CHAPTEE I 

GENERAL PRINCIPLES, MAGNETISM, UNITS, 

CELLS, ETC. 

Introductory — Production of electricity by chemical action — Magnetism — Lines 
of magnetic force — Electro-magaetism — Conductors and insulators — Units 
of measurement — ^Volt — Ampere — Ohm— Coulomb — Farad — Joule —Watt 
— Henry — Board of Trade unit — Derived units— Primary cells — Leclanche 
— Carporous — Dry cells — Obach — Accumulators : E.P.S., Hart, Head- 
land, Chloride, Edison — Efficiency of accumulators — Charging and 
maintenance. 

The subject of electricity forms a very profitable and fascinating 
study, and if properly handled may be made more interesting than 
the finest romance. The mysterious building up of an electric 
current through the mere revolving of a mass of insulated conductors 
in the heart of a magnetic field, the little less marvellous passage of 
the current so generated through suitable mediums to the motor, and 
the subsequent conversion of the electrical energy to mechanical power 
on the motor shaft, is all so subtle and so wonderful that the interest 
of the student cannot fail to be awakened and seized with an irresist- 
ible desire to learn the why and the wherefore of this astounding 
cycle of change. 

Up to within little more than a quarter of a century ago the 
application of this wonderful agent to the various essential operations 
in mining was very limited indeed. Gradually, however, the vast 
pbssibilities of the electric current came to be recognised, and each 
succeeding year saw a steady growth in the variety of purposes to 
which it has been successfully applied. As is outlined in the Preface, 
it is our primary aim and purpose to give an account of the extent to 
which electricity has been introduced into the operations of modern 
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mining, and to demonstrate its superiority over other forms of power 
for transmission underground. 

First of all, however, it will be necessary for us to acquire a clear 
grasp of the principles underlying the generation of electrical energy, 
the properties possessed by it, the methods of measuring, controlling, 
and utilising the current, and the various apparatus and appliances 
required, ere we attempt to deal with the application of the power to 
the doing of useful work. 

We are all more or less familiar with the term "electricity." To 
some it represents some vague, unexplainable force, fraught with secret 
perils that terrorise the untaught mind ; to others, more conversant 
with its real character and worth, it bespeaks a source of energy and 
power mighty in its ability to aid and abet mankind in the many 
phases of life which absorb and engross his ceaseless activities. 

What electricity really is, no one has, up to the present, been able 
to clearly define. 

Certain it is, however, that it is a force which man, as the fruit 
of his untiring genius, has been able to harness and utilise towards 
the fulfilment of his aims and purposes. 

There have been two principal theories set up as explaining the 
nature and characteristics of the electric current. 

The first is known as the "fluid" theory, which likens an 
electric charge to a fluid which, when subjected to pressure from a 
certain point, will flow in a direction opposite to that from which the 
pressure is applied. In this connection there is certainly a remarkable 
similarity between a fluid and a current of electricity. If we provide 
a suitable medium or circuit, as we generally call it, and increase the 
potential at one point of the circuit above the potential at another 
point, or in other words apply pressure to the charge, we shall cause a 
flow of electricity from the higher potential to the lower. 

From this it will be seen that the " fluid " theory exhibits at least 
one characteristic justifying the use of the term. With this solitary 
instance, however, the analogy may be said to end. Although an 
electric charge will be found to exist at any point throughout its 
entire circuit, we cannot definitely say that the current actually ^o?/^« 
from one point to another. 

Again, electricity is intangible, imperceptible, and altogether void 
of weight, attributes which cannot be said to be possessed by any 
fluid known to us. 

For these reasons, the "fluid" theory has now been discarded 
in favour of the second or " molecular " theory. 

This theory declares an electric charge to be due to a certain 
undefinable state of the molecules forming the surface of the electrical 
conductor, and that both electricity and magnetism result from 
molecular motion. 

For all practical purposes, however, it will be sufficient for us 
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that we continue to use those terms and expressions which have been 
associated with the science and art of electricity from the beginning, 
and which undoubtedly facilitate a readier acquaintance with the 
subject. 

Throughout this treatise, therefore, whenever it is required to 
express the idea of electricity being transmitted from one point to 
another, such expressions as "flow of current," "passage of the 
current," "direction of flow," etc., will be found frequently quoted. 

We derive the name " electricity " from the Greek word Electron, 
which means amber, because this substance if rubbed produces 
electricity. 

Electricity has been stated to be a mode of motion in the minute 
atoms or molecules which constitute matter. It is not certain 
whether this motion is rotary or undulatory, but when compared 
with similar phenomena in sound, light, and heat it is probable 
that it is undulatory. 

Electricity may be generated in many ways. Let us consider 





■ 



Fig. 1. 



Fig. 2. 



its generation by chemical action. A glass jar containing dilute 
sulphuric acid (H2SO4) has a zinc (Z) and a copper (C) plate im- 
mersed in the liquid. A copper wire is connected to the top of each 
plate. If these wires are brought together as shown in Fig. 1, a 
current of positive electricity is generated, which passes from the 
zinc plate through the solution to the copper plate, then it travels 
up the copper plate, through the wires to the zinc plate from which 
the current originally started. At the same time a current of negative 
electricity starts from the part of the copper plate which is in contact 
with the solution and travels in the opposite direction through the 
solution to the zinc plate, and then through the wire to the copper 
plate. If we connect up a number of these galvanic cells in series 
as shown in Fig. 2, i.e. the copper plate of one cell to the zinc plate 
of the other, and so on until all the cells are connected up, then 
on bringing the remaining wire from the copper plate to the 
remaining wire of the zinc plate a spark is obtained. If we connect 
a piece of thin iron wire with the ends of this battery of cells, we 
observe the iron wire is raised to a bright red or white heat, depend- 
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ing on the strength of the current. We see, therefore, that heat is 
produced, and infer that motion of one kind or another is going on 
in the battery and wires. Let us take an analogy. A train passes 
along a railway ; the temperature of the rails is increased by friction 
with the wheels. The higher the speed of the train the greater will 
be the heat produced. We imagine motion to take place in the 
wire connecting the ends of the battery, and the quicker this motion 
the more heat is produced. We call this motion the electric current. 
According to Sulzer, if we place a zinc coin on the tongue of a person 
and a silver coin underneath the tongue, and bring the edges of the 
coins in contact, a peculiar salty taste is produced. If in a dark 
room, we place the zinc under the tongue, and the silver in the right 
place between the gum and cheek, and if the nervous system is at all 
sensitive, a feeble light will be emitted. These are the effects of 
electricity generated on the same principle as that described above 
as occurring in the glass jar. 

Magnetism 

A magnet is a body usually made of iron or steel, which has the 
property of attracting iron and other magnetic bodies. Magnets 
possess north and south poles. If similar poles of two magnets are 
brought together they repel each other, while two dissimilar poles 
attract each other. There are two kinds of magnets; permanent 
and temporary. 

Loadstone is a substance found in nature which ix)ssesses the pro- 
perties of magnetism. It is a compound of iron, and exists in 
Sweden, Norway, and in some parts of America. Its specific gravity 
is four and a half times that of water. It is reported that Sir Isaac 
Newton had a small natural loadstone magnet, weighing about three 
grains. It was set and mounted in a ring which he wore, and was 
capable of lifting about 250 times its own weight. 

Bar magnets, if made of steel, are j>ermanent magnets ; they begin 
to lose their magnetism soon after the magnetising power is withdrawn. 
The electro-magnet is called a temporary magnet, because, as we shall 
shortly see, it loses its magnetism immediately the magnetising current 
is switched off. A bar magnet, if bent into the shape of a horseshoe, 
possesses greater portative power than if allowed to remain in the bar 
shape. In fact, it supports about twice the weight, because both 
poles act inductively on the keeper or weight to be lifted. 

Lines of Magnetic Force 

Take a piece of magnetised steel, either in the form of a bar or 
horseshoe, and lay a sheet of paper over it. Sprinkle soft iron 
filings on the paper, and you will at once perceive that the iron 
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particles arrange themselves in curves as shown in Fig, 3. The 

curved lines are called lines of magnetic force. Each particle of 

iron becomes a magnet by vnduction, with its north-seeking pole 

towards the south-seeking pole of the neighbouring particle, and nice 

v&rtd. A different arrangement is obtained by bringing two similar 

poles together. The lines in this case tend 

to go in the reverse direction. You must not 

believe in the positive existence of lines, of 

magnetic force any more than in the actual 

existence of lines of latitude and longitude on 

the surface of the globe. Both are abstract 

conceptions, and are merely adopted by scientists 

for the purpose of measurement. A line of 

magnetic force is "that line which a very small 

needle describes when it is so moved, in any 

direction correspondent to its length, that the 

needle is constantly a tangent to the line of 

Mofi'oM,"— or as " that line along which, if a Fio. 3, 

transverse wire be moved in eitJier direction, 

there is no tendency towards the formation of any current in the 

wire, whilst if moved in any other direction there is such tendency " 

(Faraday). 

Electko-Magnbtism 

If we take a rod of soft iron and coil or wind wire round it, and 
connect the ends of the wire to a source of electricity such as a battery 
or dynamo, we find that the rod becomes magnetic. If we break 
the contact, the magnetism disappears. Some of the energy of the 
electric current is transformed into its magnetic form, and, as in the 
case of the permanent magnet, we have a magnetic field, by means 
of which we may produce rotation and do useful work. If we take _ 
a bobbin which has been wound with wire, and allow a current to 
flow through the wire, we find the interior or hole in the bobbin to be 
a strong magnetic field. If we hold an iron rod near this aperture 
we find it ia strongly attracted, and tends to he drawn into the 



Conductors and Insulators 

Substances are classified according to their i>ower of conduction. 
The metals come first, offering as they do very little resistance to the 
passage of electricity. The resistance to the flow of electricity 
increases as we descend the table. The bodies increase in resistance 
and decrease in conduction, i.e. they become better insulators and 
worse conductors. 

Good Conductors. — Silver, copper, gold, aluminium, zinc, brass. 
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iron, nickel, tin, lead, german silver, platinum silver, platinoid, 
antimony, manganin, bismuth, charcoal, carbon. 

Bad or poor Conductors, — Salt water, damp earth, human body, 
flame, cotton, jute, linen, wood (dry). 

lion-Conductors or Insulators. — Marble, slate, porcelain and 
china, oil, leather (dry), paper (dry), wool, silk, sealing-wax, 
sulphur, resin, water (perfectly pure), gutta-percha, ebonite, shellac, 
mica, amber, glass, air (dry). 



Units of Measurement 

Electricity is measured in well-defined and accurately determined 
units. The Volt is the unit of electrical pressure which, if applied 
to a conductor whose resistance is 1 Ohm, will produce a current of 
1 Ampere. The Ampere is the constant electric current which 
when passed through a particular solution of nitrate of silver in water 
deposits 0*001118 gramme per second (an ampere is the current given 
by an electromotive force (E.M.F.) of 1 volt through a resistance of 
1 ohm). 

The resistance of a substance is the reciprocal of its conductivity, 
and is measured in ohms. The Ohm is the resistance offered by 
a column of mercury at the temperature of melting ice, 14*4521 
grammes in mass, of constant cross-section, and 106*3 centimetres 
long. 

Electric Quantity 

The Coulomb is the quantity of electricity that flows per second 
past a given point which is carrying a current of 1 ampere. 



Electrical Capacity 

The Farad is the capacity of a condenser which would require 
a charge of 1 coulomb to produce a difference of potential of 1 volt 
between two conductors forming the condenser. 



Electric Energy or Work 

The Joule (Ayrton). — When a power of 1 watt is being developed, 
the work done i)er second is sometimes called a joule. Hence 1 joule 
= 0-7375 ft. -lb. and 

1 watt second = 1 joule. 

1 watt minute = 60 joules. 

1 horse-power hour = 1,980,000 ft. -lbs. 

1 horse-power hour = 2,685,606 joules. 
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Electric Power 

The Watt (Ayrton). — A watt is the power developed in a circuit 
when 1 ampere flows through it, and when the potential difference 
at its terminals is 1 volt ; hence the number of watts developed in 
any circuit equals the product of the current in amperes flowing 
through it into the potential difference at its terminals in volts. 
Therefore — 

1 watt is the power developed when 44*25 ft. -lbs. of work are done 
per minute. 

1 watt is the power developed when 0*7375 ft. -lb. of work are 
done per second. 

1 watt = ^}^th of a horse-power, and 746 watts = 1 E.H.P. 

1 kilowatt = = 1 *34 horse-power. 

Electrical Inductance or Self-Induction 

The Henry. — The induction in a circuit when the difference of 
electrical pressure induced in the circuit is 1 volt, while the inducing 
current varies at the rate of 1 ampere per second, is called a Henry. 
It corresponds to a rate of change of magnetic field strength through 
the circuit. 

The Board of Trade Unit 

For commercial purposes electrical energy is charged for in units 
of 1000 watt-hours each. This unit is called the Board of Trade 
unit. 

1 Board of Trade unit = --— =1^ horse-power hour (approx.). 



Derived Units 

1 megohm = 1 million ohms. 

1 microhm = 1 millionth of an ohm. 

1 milliampere = 1 thousandth of an ampere. 

1 microfarad = 1 millionth of a farad. 

1 millivolt = 1 thousandth of a volt. 

1 kilowatt = 1000 watts = 44*240 ft.-lbs. per min. = 1*34 H.P. 

1 electrical horse-power = 746 watt hrs. = 33,000 ft.-lbs. per min. 

1 joule = 1 watt sec. = 0*7373 ft. -lb. 

1 foot-lb. = 1 -356 joules. 

1 B.T.U. = 3,600,000 watt sec. 

1 kilogramme metre = 7*233 ft.-lbs. 

1 kilowatt hour = 1 '34 horse-power hrs. 
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1 French or metric horse-power •-= 75 kilogramme metres per sec. 
= 32,549 ft.-lbs. per min. = 736 watts = 0*9863 English horse- 
power. 

1 English horse-power = 1*01385 French horse-power ("force de 
cheval "). 

Ohm's Law 

It was found by Dr. Ohm after careful experiment that the 
quantity of current obtainable from any given electromotive force 
is equal to that electromotive force divided by the resistance, and 
so, if we know two quantities, the remaining quantity may be easily 
determined. Where E stands for electromotive force in volts, C for 
current in amperes, and R for resistance in ohms, we have : — 

T, E r volts 
K = ^ =ohms = 

eC amperes' 

rn E volts 

C = — = amperes = ^r- - . 

R ohms 

E = C X R = volts = amperes x ohms. 

This is known as Ohm's law, and is of the utmost importance, 
but in the simple form given here it only holds good for continuous 
or direct current. 

Examples in Ohm's law : — 

1. A dynamo produces an E.M.F. of 210 volts, and the total 
resistance of the circuit, including dynamo, lamps, and mains, is 
14 ohms. Find the current. 

C = — = C = - - — 1 5 amperes. 

2. An accumulator battery has an E.M.F. of 50 volts, and sends 
a current of 25 amperes through an external circuit. Find the 
resistance of the circuit. 

R==R==2 ohms. 
C 25 

3. A battery of cells having an internal resistance of 0*55 ohm 
sends a current of 10 amperes through a circuit, the resistance of 
which is 1*05 ohm. Find the E.M.F. of the battery of cells. 

E = CxR = (0-55-}- 1*05) = 1-6x10= 16 volts. 

An electric current may be generated by means of the primary 
cell or battery. Let us consider the most important types of this 
form of generator. 

Primary Cells 

Leclanch^s Cell. — This is, perhaps, the most popular type of 
primary cell, and is widely used for telephone and bell circuits. The 
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outer glass vessel contains a cylindrical porous pot. The function of 
this porous pot is to act as a support for the solid particles which 
surround the carbon plate. This carbon plate or block is put into 
the porous pot, and the intervening space tightly packed with equal 
proportions of small pieces of carbon and manganese dioxide. The 
top of the porous pot is capped with pitch, and the protruding 
carbon plate is fitted with a terminal. Two short pieces of ebonite 
tubing admit of the free passage of gas from the inside of the pot to 
the air, and also enables some of the solution to be poured into the 
porous pot. The outer glass vessel is half filled with a strong solution 
of sal-ammoniac (ammonium chloride). A pure zinc rod with a con- 
necting wire soldered to it is inserted in the solution. The top part 
of the outer vessel is dipped in a black compound, thus preventing 
the solution from creeping from the inside to the outside of the 
vessel. 

When a current is flowing, ammonia gas is given off, and zinc 
chloride and water are formed. The internal resistance varies from 
1 to 3 ohms, dependent upon size of carbon plate and zinc rod and 
the distance separating them. The E.M.F. of Leclanch^'s cell is 
about 1*8 volt. 

Casin gives the following table : — 

PoKous Pot 



Size. 


Diameter. 

2-4 ins. 
2*4 ins. 
3-25 ins. 


Height. Resistance. 


1 
2 
3 


4*4 ins. 
6-0 ins. 
6*0 ins. 


9 to 10 ohms. 

5 to 6 ohms. 

About 4 ohms. 



The " Carporous " Cell is a modified form of Leclanch^, con- 
sisting of an outer glass vessel (Fig. 4, G) containing a solution of 
sal-ammoniac. An outer perforated cylinder of carbon (R) enclosing 
a cylinder of porous porcelain (O), both resting on a glass base (C), 
perform the function of the porous pot in the ordinary type of 
Leclanch^. In the space between these two cylinders a mixture 
of carbon and manganese dioxide is packed (P). The zinc rod (Z) 
passes through an insulating top into the inside porous porcelain 
cylinder, and into the solution which finds its way into the inside 
cylinder. Terminals fixed to the carbon cylinder and zinc rod convey 
the current to the external circuit. 
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The name implies that no liquid is used. A jetly paste takes the 
place of the liquid, by which the same action takes place as in a liquid 



Fig. 4. — Carporous cell. 

The OlMch Cell.— In this cell the zinc forms the outer vessel, 
and is fixed to an insulating base. A carbon rod is placed in the 
centre of the cell, and is surrounded by a mixture of manganese 
dioxide and plumbago in equal proportions, made pasty by the 
application of a little gum tragaeinth. The electrolyte consists of 
85 per cent, of plaster of Paris and flour mixed to a paste with 
sal-ammoniac solution. The top is made with ground cork, and 
is covered with an insulating cap. A small vent hole permits 
of the escaiJe of gases liberated by the action of the cell. Ter- 
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minals are iixed to the zinc and carbon to aUow of the current 
beiDg taken away. The E.P.S., Dania, Argyll, Ediaon, and G.E.C. 
(Fig. 5) are typea of dry cells much the same aa regards construction. 
These cells may be used in any position and for a variety of 
purposes, such as shot-firing in mines, tele]ihones, bells, indicators. 
The E.M.F. averages about 1-5 volt, and the internal resistance 
varies from 5 to 3 ohms. 

Accumulators 
The great drawback in the primary cell is its rapid polsirisation 
when a steady current is required of it. But, as the result of experi- 
ments made by Ritter and Plante, we now have 
cells in which the energy of chemical change can 
be stored in the cell and used in the form of 
electric current to do useful work. Such are 
called Accumulators or Secondary Cells. It must 
not be supposed that the electricity is stored 
or accumulated in the form of current, but 
rather that a chemical change takes place between 
two constituents which causes the electricity to 
flow. If a current is passed through water or 
other decomposable liquid, the electrodes being 
made of platinum, a current is found to flow 
when the charging batt«ry has been removed. 
This is due to the reverse E.M.F. produced by 
hydrogen and oxygen gases in the platinum 
plates. This is the principle of Grove's gas 
battery, and was one of the earliest forms of 
secondary cells produced. Gaston Plants sub- Fio, ,1.^ 

stituted lead plates for platinum plates. These G.E.C. dry cell. 
lead plates were immersed in dilute sulphuric 
acid. On connecting the plates to the charging current electrolysis 
takes place, hydrogen escaping at the cathode ( + ), while oxygen 
combines with the anode { - ), and forms lead peroxide. If the 
charging current be continued, and the plates reversed periodically, 
apongy lead will be found on one plate and peroxide on the other. 
This process of reversal is called " forming." When discharging, the 
spongy lead and peroxide are converted into lead sulphate. This 
" forming " process may be accelerated by pasting the plate with 
red oxide of lead. Numerous devices and improvements have been 
made in the construction of secondary cells so that the efficiency, 
durability, and capacity may be increased. The lead plates are now 
cast in the form of grids, the intervening spaces being filled with 
oxide. There are diflerent forma of cells in use at the present time, 
moat of them based upon the principle of Planti'. It may suffice to 
mention two or three of the leading types. 
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The E.P.S. Aceumvlator. — The positive platen have narrow 
inclined shelves running horizontally, and a paste made of red lead 
and Bulphuric acid pressed on to these shelves. The negative grid 
before pasting has a fantastic pattern. Little claws project out 
from the square apertures of which the plate or grid is composed. 
A paste composed of powdered litharge and sulphuric acid is held in 
position by these claws. The plates, after drying, are immersed in 
dilute sulphuric acid having a specific gravity of I'ld, and "forming" 
takes pla^e by passing a current from the [loaitive grid through the 
liquid to the negative grid — peroxide being formed on the jjositive 



Fic 6. — E.P.S. accumulator. 

grid and spongy lead on the negative. The "forming" process is not 
yet complete, but goes on for four or five days with a weak charging 
current. The charge is then increased until the maximum charging 
rate is reached. Fig. 6 shows a portable form of E.P.S. accumulator. 
L. type is adapted for electric light installations, where the discharge 
is of long duration ; K. and W.S. types are used chiefly for telegraphic 
purposes. 

Hart Accumulator. — The positive and negative plates or grids are 
similar in design. Both have horizontal ribs rolled and turned up 
at the edges, so that the active material may be securely held 
together. These ribs are connected to vertical ribs, and by 
fastening together to a solid diaphragm the plates are given greater 
strength to withstand buckling. The negative plate is without the 
diaphragm. The waste material falling from the plates during 
charging and discharging accumulates in the bottom of the cell, so 
that clear space must be provided. In the Hart cell this is done by 
supporting the plates on wood blocks in the bottom of the cell, and 
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E.P.S. Secondary Cells 

also by means of lugs cast on one set of plates. Each plate is 
insulated from its neighbour by a glass tube with three flanges. 
Non-corrosive terminals with tapered bolts are used for connecting up 
the cells. The whole connection is cast from an alloy which is not 
readily affected by the fumes from the acid. 



No. of 
Plates. 


Charge in 
Amperes. 


Discharge 
in Amperes. 


Capacity in 
Ampere 
Hours. 


Dimensions. 


• 

lbs. 

71 

310 

348 


L. 7 
L. 33 
K. 33 


10 to 13 
54 „ 64 
66 ,, 135 


1 to 13 
1 „ 64 
1 „ 135 


130 

704 
448 


ins. 
5X13 XI44 
20X13 Xl4^ 
9iXll|Xl3i 


W.S. 25 


67 to 135 


Discharge. 


20iXl3xl4i 


375 


2hrs. 
180 


3J hrs. 
144 


7 hrs. 
90 


P. 25 


300 


1 

1 hr. 3J hrs. 
600 300 

1 


7 hrs. 
180 


18JX 25X22 


890 



The Headland Accumulator. — The grids in this cell are made up 
of bar sections. These bars are skeleton-shaped when cast, and the 
spaces filled with active material. They are placed side by side 
to form the plate, the number of bars determining the size of the 
plate. The space between the plates is kept constant by means of 
corrugated ebonite sheets or glass rods. 

The Chloride Accumulator, — The positive plates are made from 
an alloy of lead and antimony, and have holes cast in them. Pure 
lead tape made into cores is pressed into these holes, and the plate 
is then pressed by hydraulic means to a pressure of 75 tons to the 
square inch. A current is then passed through them in a voltameter, 
and lead peroxide, due to the hydrogen which is liberated, is formed 
on the plate. The negative plate is made in a different manner. 
Lead acetate when treated with hydrochloric acid forms lead chloride, 
and this is moulded into cakes and dried by heating. The lead 
chloride along with powdered zinc is made molten and cast into 
hexagons. These are " placed " in a mould, and molten lead under 
pressure forced around them, the result being a perfectly compact 
plate. The small hexagons are reduced to spongy lead by the plate 
being inserted in a vessel containing zinc chloride and zinc plate. 
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After washing, the plate is placed in a voltameter which removes any 
chloride still present. The plates are then fitted up in the cell in 
the usual way. 

The Edison Accumulator. — This cell is made up of two thin steel 
frames, fitted with perforated pockets or boxes also made of steel. 
These pockets are fitted with nickel oxide for the positive frame of 
plate, and iron oxide for the negative frame. The solution is made 
from caustic potash. When the charging current is switched on, 
the nickel oxide in the jwckets of the positive plate is converted 
into nickel peroxide, and the iron oxide in the pockets of the negative 
plate is reduced to metallic iron. When current is taken from the 
battery the nickel peroxide and the iron become oxidised. From 
tests made with this cell it is found to give 1*35 volt. A cell 
with a normal discharge rate of 30 to 40 amperes gives 80 per cent, 
of its normal ampere-hours, with a 200-ampere discharging current. 
The efficiency of this cell is much lower than the ordinary lead plate 
accumulator, but its advantage is that it will stand more rough 
usage, and is less liable to get out of order. Experiments have 
shown that if it is short-circuited for two days it will recover its 
original capacity after a couple of charges, and apparently be none 
the worse. The charging current may be made four times the 
original amount without ill effects. The cell may be left without 
charging for a considerable period. As this cell is in its infancy yet, 
it is hardly possible to predict what the future may have in store for it. 

In the Edison accumulator the number of negative plates exceed 
the positive by one. This arises from the fact that the positive plates 
must be acted upon from both sides at once, or they tend to "buckle." 

Efficiency of Accumulators 

The current obtainable from a secondary cell depends upon the 
total area of the positive plates. By having a positive plate, say, 
equal in size to four plates of an ordinary accumulator, the same 
result may be obtained, but it is more convenient to have four plates 
of a- suitable size, as there is less risk from buckling, and they are 
more easily handled, and take up less space. The energy of the cell 
= watts X time in hours = watt-hours. 

Therefore we have 

Efficiency = ^°^'^-?^"^^-5^* 
•^ energy put in 

In practice this varies from 55 to 75 per cent. 

Secondary cells or accumulators find their field of usefulness in 
supplying steady current for lighting or power where it is incon- 
venient to have the generator always running, and also to help the 
generators to cope with the load at its highest peak or maximum 
load. 
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Charging and Maintenance of Accumulators 

Some practical hiDts on the charging and maintenance of accumu- 
lators may not be out of place here. 

The battery house should be well ventilated, to allow of the 
escape of acid fumes. A brick or stone building is preferable to 
wood. Any metal connections and fittings should be coated with 
creosote or vaseline, as the acid fumes attack metal quickly. Plenty 
of room should be provided around the tiers so that inspection and 
attention may be carried on with facility. Care should be taken to 
see that no plates are buckled ; if found so, they should be taken out 
and straightened. When a positive and negative plate are short- 
circuited, this cell should be disconnected at once and the fault 
remedied. The specific gravity of the liquid should be noted from 
time to time, and a testing voltmeter placed across the terminals of 
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each cell. The reading should be the same for each cell when 
discharging. Thorough insulation in a battery of cells is essential. 
The glass cell rests on a wooden tray filled with sawdust. The tray 
rests upon oil insulators made of glass. The insulator consists of two 
parts, the lower i)art having an annular channel in which a non- 
evaporating oil is placed. The rim of the top part fits into the 
channel, so that leakage current meets with a very high resistance 
in the oil moat. When installing a new battery, all the charging 
arrangements should be ready before any acid is filled into the cells ; 
otherwise a coating of lead sulphate will.be formed, and the efficiency 
of the cell lowered. The acid should have a specific gravity of 
1'19, and be free from sediment. The plates should be covered to 
the extent of about half an inch. Compensation should be made 
by adding water when the electrolyte evaporates. Glass sheets are 
usually placed over the plates to arrest spraying. The generator for 
charging must be shunt- wound or separately excited. If a compound- 
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wound dynamo is used, the series coil should be cut out. The 
voltage should be 2*5 volts per cell. The first charge should extend 
from 10 to 35 hours, and the current should not be taken from the 
battery until the evolution of gas takes place at the plates and the 
electrolyte assumes a milky colour, while the acid should have a 
specific gravity of 1'205. When finished charging the battery, the 
switch should be immediately turned off, and this must take place 
before the generator has stopped, else the current from the cells may 
drive the dynamo as a motor, and permanent damage result. When 
the E.M.F. of the cells falls below 1*8 volt, and the specific gravity 
of the acid 1'18, they should be recharged, or the plates will become 
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sulphated. In order to obtain the best results from accumulators 
they should be kept well, and even although current is not being 
taken from them, a charge should be administered weekly. 

Fig. 7 shows how to connect up two accumulator batteries, each 
comprising five cells for charging in parallel. The voltage used is 
12*5 volts, and this gives a potential of 10 volts in each battery. 

Fig. 8 illustrates diagrammatically the connections for charging 
10 cells, in five Gets, in parallel. 

Fig. 8a shows how to connect up a 10-cell battery for charging 
from a 100-volt circuit. The lamps are put in to take up the extra 
pressure.^ 

^ We are indebted to Percival Marshall & Co. for the loan of Figs. 7, 8, and 
8a, as well as Fig. 4. 
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DYNAMOS AND MOTORS 

Principle of the Dynamo — Continuous current dynamos — Series, shunt, and com- 
pound-wound — The alternating current — Period — Frequency — Amplitude 
— Lag and lead — Phase difference — Single-phase generator — Two-phase 
generator — Three-phase generator — Electro-motors — Direct current electro- 
motors — Back E.M.F. — Types of motors — Alternating current electro- 
motors — Motors for coal-cutting machines — Motors for haulage and pump- 
ing — Motor-generator — Static transformers — Rotary converters — Care of 
electrical plant — Earthing of dynamos and motors — Coupling dynamos 
together. 

The production of electricity by chemical action is a most expensive 
process, and, except for signalling and telephone circuits, the genera- 
tion of the electric current by this means cannot be entertained. 
For the generation of electricity for power and lighting purposes the 
electric machine known as the dynamo is employed. This machine, 
although possessing the ability to generate an electric current, is 
dependent upon an outside source for one of the two elements which, 
working in unison, result in the building up of the electric current. 

It is for this reason that electricity as generated in the dynamo 
can only be classified as a secondary power. 

The two fundamental principles which underlie the production of 
electricity in the dynamo are magnetism and motion. If we have a 
magnet, and rotate or revolve a coil or coils of copper wire between 
the north and south poles of the magnet, we will obtain a current 
or flow of electricity in the coil of wire. Grasping this fact at the 
outset, the student will readily understand the action of any type of 
electric generator. 

To further illustrate the principle underlying the action of the 
dynamo, the sketch in Fig. 9 is given. 

Continuous Current Dynamos 

In order to produce an electric current sufficient for practical 
purposes, we must have a powerful magnetic field, and a set of coils 
to cut the lines of magnetic force in that field, also gear for collecting 
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the cttrrent so that, it may be distributed to the various places where 
power and light are required. This appliance or machine, as ve have 
already stated, is called the dynamo or generator. The stationary 
electro-magnets producing the field are called held magnets, the 
revolving coils cutting the field being termed the armature. When 
dynamos were first constructed, permanent magnets were used, but 
now the magnetism is produced electrically, the exciting current 
being shunted from the dynamo itself. The field magnets may be 
two, three, . four, six, eight, or more in number. When more than 



Fio. 9.— A single loop of wire WW is rotated by the spindle 
S between the N and S poles of a niSignet. The brushes 
BB collect the current. The eilernal circuit is shown 
connected to the brushes. The linea of magnetic force 
between the poles are slion'n by the dotted lines. A 
current ia induced in the coil when it is resolved between 
the N and 8 magnet poles, and cuta the lines of force. 
The current generated flows from one brush through the 
external circuit to the other. 

two poles are used, the machine is termed a multipolar generator. 
The exciting and winding of the field magnets may be jjerformed in 
three difi'erent ways, classified as follows : — 

Sekies-wound, Shunt-wound, and Com pound- wound 

The Stries-vwind Machine (Fig. 10) is so called because the field 
magnet coils, armature, and external circuit are all connected in 
series. The windings consist of a few turns of thick insulated wire 
having a low resistance. Series- wound machines were formerly 
much in use for arc lamp lighting, but have been supplanted by shunt- 
wound machines. 

The Shunt-wound Machine (Fig. 11). — In this type the field 
magnet coils are connected as a shunt across the brushes ; the current 
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generated in the armature may flow through the magnet coils or 
through the external circuit to lamps, motors, etc. As the voltage 
remains constant, this type of machine is used for parallel circuits 
requiring a constant voltage and varying current; for example, 
incandescent and arc lamps, motors, etc. 



^ ^ ^ ^ 





Fig. 10. — Series- wound dynamo. 



Fig. 11. — Shunt-wound dynamo. 



The Compaiind-wound Machine (Fig. 12) is a combination of the 
series and shunt-wound types. The field magnets are shunt-wound 
with a few series turns, so that both windings helj) to magnetise the 
poles. The advantage derived from compounding is that a constant 




Fig. 12. — Compound-wound dynamo. 



terminal voltage is secured, even although a varying current be 
taken. The voltage rises with the current in a series-wound machine. 
When the current consumpt is increased in a shunt machine, then 
the pressure falls. It is obvious, therefore, that by a combination of 
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the two a constant pressure at all jwinta of the load or current 
consumpt is secured, a;: in the com pound- wound maehiiie. 

Some machines are over - compounded, tliereby securing a rise 
of voltage when the current is increased. This la obtained when 
additional series turns are wound on a compound-wound machine. 



The advantage accruing from over-comiwunding is that the effect of 
voltage drop In a long circuit may be done away with. For example, 
when we desire a constant voltage at the place where the current is 
being used, instead of at the dynamo terminals. 

Short and Long Shunt are terms used to denote the different ways 
of connecting the tield-magnet coils of a com pound- wound machine. 
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The first, so called when the shunt coils are connected direct to the 
brushes. The second, when the shunt coils are connected to the 
armature and series coils combined. 

These machines. are now used to a large extent, particularly when 
the voltage is high, say 500 volts. The great advantage they possess 
is that the armature revolves at a fairly slow surface speed. 

The winding for the magnet coils is usually done on formers, so 
that the coil intact may be slipped over the limb. Presspahn is used 
for insulation purposes. For machines of large output the shunt 
coil is composed of " formed " strips of copper insulated by tape. In 
the case of compound-wound machines the series winding of thick 
wire is wound on the outside of the field magnets, while the shunt 
winding of thin wire is below. 

As already stated, the revolving part of the generator or dynamo 
is called the armature. It consists of a large number of slotted 
charcoal iron stampings or discs, and threaded on the spindle or shaft. 
The discs are held in position by an end plate or spider. Each 
stamping or disc is separated from its neighbour by a sheet of thin 
paper in order to prevent eddy currents. The armature windings, 
after being bent into position, are laid in the slots, and the ends 
are connected to projecting strips attached to each bar of the 
commutator (see Fig. 13). The commutator consists of a number 
of tapered copper bars assembled together by hydraulic pressure. 
Each bar is insulated from its neighbour by thin pieces of mica, 
and has a connection to a corresponding winding or coil on the 
armature. Fig. 14 shows an armature complete. By means of 
brushes resting on the commutator, the current in the armature 
caused by its coils cutting the lines in the magnetic field is collected 
and delivered to the mains as a continuous current. For example, if 
we trace the circuit of any one winding beginning at a bar on the 
commutator, we note it passes along a slot in the drum of the 
armature and crosses the end of the stampings of which the drum is 
composed, thence along another slot in the reverse direction, and 
back again to another commutator bar. There are different ways of 
winding armatures, and especially drum armatures, but we cannot 
enter into these here. For the winding of armatures the reader is 
referred to text-books on Electrical Engineering. Fig. 15 shows a 
modern type of continuous current generator. 

The efficiency of a dynamo may mean mechanical, commercial, or 
electrical efficiency. There are, and will always be, certain losses in 
machines. In the dynamo we have losses due to the frictional 
resistance of the shaft in its brasses, resistance of brushes pressing 
on commutator, air resistance, heating of armature and magnets, 
hysteresis, and eddy current losses. 

The mechanical efficiency is defined by the ratio of the total 
watts generated divided by the supply of mechanical power; the 
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electrical efficiency, by the watts in the outside or external circuit 
divided by the total power supplied to dynamo. It is obvious, then, 
that the mechanical efficiency ia equal to the commercial efficiency 
divided by the electrical efficiency. 

The Alternating Ciibrknt 

The current derived from a simple cell is continuous, that is to say, 
it flows in one direction from the jMisitive pole through the external 



Fig. 15. — Continuous current generator for coupling to high-speed eugiue. 

circuit, returning to the negative pole. There is, however, a current 
which does not flow continuously in one direction, but periodically 
reverses, flowing to and fro in an undulatory manner ; such is termed 
an alternating current. The balance wheel of a watch is a very good 
example of the constant oscillation of an alternating current in a con- 
ductor. When we drive an alternating current through a circuit, the 
electromotive force constantly changes. At one point it will attain 
to a maximum, then fall away to zero ; reversing, it reaches a 
maximum, and falls back again to zero. Two alternations or re- 
versals are termed one cycle, and the time taken to complete one 
cycle is termed one period, and the number of periods performed in 
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one second is termed the frequency. Amplitude is a term given to 
the maximum value of the electromotive f orcel Frequencies between 
25 and 40 cycles per second are common in practice, although alter- 
nators giving 100 cycles per second are in use. 

In the curve shown in Fig. 16 time is represented along the hori- 
zontal axis XY, the electromotive force by the vertical line OP. The 
volts measured above the zero line may be called direct or " right 
hand," below the zero line, reversed or "left hand." The curve 




Fig. 16. 

shows the variation of the electromotive force with the time. The 
distance from C to G is termed the period, and the frequency re- 
presents the number of such periods performed in one second. The 
maximum points BDF denote the amplitude. By selecting any 
point on the curve it is possible to obtain the value of the voltage at 
a given time by drawing a line parallel to the zero line. 

It is a well-known fact in practice that alternating currents do 
not keep in step with the electromotive force, so that the maximum 




Fig. 17. 



value of the current does not occur when the electromotive force is 
at its maximum. This difference of phase is termed "lag." In the 
reverse case, when the current occurs before the electromotive force, 
then the current is said to " lead." A glance at Fig. 17 shows the curve 
VVY representing the rise and fall of the electromotive force. The 
curve CCC is shown beginning its cycle later. This is due to in- 
duction. The angle which the current lags behind the electromotive 
force is usually denoted by 4>- Now, where E equals the electro- 
motive force in volts, and C the current in amperes, we may find the 
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rate of energy expended by multiplying the impressed volts by the 
effective amperes and the cosine of the angle ^ (the value of the cosine 
of any angle may be obtained from tables). On dividing the product 
by 746 we get the energy expended. The harmonic motion of the 
curve, showing the variation of pressure and current, tends to assume 



the sine law, so that by using the sine curve we can obtain, mathe- 
matically, the pressure and the current curve. 

In the generation of alternating currents, an alternating current 
dynamo is used, and is more generally known as an alternator. It is 
much easier to produce alteruating current than continuous current. 
A dynamo in its sim])lest form produces alternatiug current, but by 
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introducing certain windings it is made to generate a current which is 
continuous. Unlike continuous current machines, in the modern type 
of alternating current generator, the armature remains stationary 
(see Fig. 18), while the field magnets revolve inside tie armature 
ring (Fig. 19). The inductor tyjje of alternator is perhaps the 
strongest and most reliable. The armature is stationary, and the 
magnetic field, consisting of soft iron blocks, cuts the lines of force 



and induces current in the armature conductors. The chief features 
of this machine lies in the fact that no copper electrical conductors 
are in motion. For the exciting of the magnets for the magnetic 
field, small continuous current dynamos are used. These are usually 
placed beside the alternator. It is obvious that owing to the reversal 
of the intermittent current it cannot be used for exciting purposes. 
Fig. 20 shows a three-phase alternating current generator with exciter. 
The essential difference between the three types of alternating 
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ourrent generators, namely, the single-phase, the two-phase, and the 
three-phase machiDea, may be briefly stated as follows : — 

Sinffle-phaee Generator. — The stationary armature in this type of 
machine consists of a series of coils equal in number to the field 
magnets in the revolving part of the machine. The armature coils 
are connected up in series, the direction of winding being alternately 
reversed so as to enable a flow of current to be produced through the 
series of coils. The E.M.F. alternately rises and falls as the field 
magneta revolve. When the field magnets are exactly opposite the 



F[(!. 20.— TIjree- phase alternating current generator, with exciter. 

armature coils, the E.M.V. is at zero ; and when the magnets are mid- 
way between the coils, they are cutting the maxinmm number of lines 
of force, and in consequence the E.M.F. is also maximum. The 
direction of flow of the current alternately reverses as each succeeding 
armature coil is crossed by the revolving field magnets. The number 
of alternations of the current per revolution will therefore equal the 
number of field poles, or, which is practically the same, the number 
of armature coils. The jjeriodicity will be exactly half of this, as two 
alternations are equal to one period. 

Two-phase Generator. — The two-phase machine differs from the 
single-phase generator in that the former tyi>e of machine has two 
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armature coils to every field-magnet pole. The coils are arranged in 
two rings, one behind the other. The coils in the second series bridge 
the gaps between the coils in the first ring, or, in other words, the coils 
in the second series are set half the angular length of a coil in advance 
of the coils in front. Through this arrangement of the armature coils 
the two-phase current is produced. The two-phase current may be 
likened to two separate single-phase alternating currents, one of 
which is at its maximum E.M.F. when the other is at zero, and 
vice versd. 

l^hree-phase Generator. — In the three-phase generator there are 
three separate sets of coils in the armature. Each coil is set two- 
thirds of the pitch of the field magnets in advance of the coil in front 
of it. To make this plainer, suppose one armature coil to be set in a 
certain position in the first set of conductors ; then the corresponding 
coil of the second set of conductors would be arranged two-thirds of 
the pitch of the field magnets, or, in other words, two-thirds of the 
distance from the centre of one field magnet to the centre of the next, 
in advance. The coil in the third set of conductors is set two-thirds 
of the pitch in front of the coil in the second series. The distance 
from the beginning of the first coil in the first set to the beginning of 
the second coil in the same set is equivalent to a period, and embraces 
one coil in each set of conductors. The ends of the three sets of con- 
ductors are afterwards brought together: This arrangement of the 
armature coils enables three-phase current to be produced. 

Electro- Motors 

The transformation of electrical into mechanical energy is produced 
by means of the electric motor. Electric motors are extensively used 
in collieries and mines for the performing of useful work on the sur- 
face and underground. When electricity was first used in mines the 
system adopted was that of the direct current, but with the advent 
of polyphase alternating current and its attendant advantages, con- 
tinuous current has been to some extent displaced in modern collieries. 
Let us look for a little at the advantages offered by the use of poly- 
phase current. As no commutator or brush gear are required on 
polyphase motors, the danger arising from sparking is obviated. In 
a damp atmosphere it has been found that a polyphase motor is less 
liable to break down than one fed by direct current. This is due to 
the construction of this type of motor, also much less attention is 
needed with motors working on the alternating current system. 
Lastly, and perhaps the greatest benefit is that alternating current can 
be easily transformed for distribution to the various points of working, 
no matter how far distant. There are different types of motors for 
use in collieries. Some are totally enclosed, while in others the 
working parts are exposed. 
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Direct Current Elkctro-Motors 

When the armature of a generator is supplied with current from 
an external source, the poles or field magnets become magnetised, 
causing the necessary flux to enable the armature to .revolve. The 
electric motor is merely a dynamo, with the difference that instead of 
supplying current, current is supplied to it. If a conductor carrying 
a current is placed in a magnetic field, a force acts upon it at right 
angles to the field and the current. This force, if properly utilised, 
causes motion of the conductor. The direction of motion may be 
found by the left-hand rule. " Place the left hand across the con- 
ductor with the palm facing the conductor, and the thumb, forefinger, 
and other fingers stretched out at right angles. The forefinger must 
point in the positive direction along the field, and the other fingers 
in the direction of motion. Then the thumb will denote the direc- 
tion of the induced current." 

When a motor revolves it acts as a dynamo, generating a separate 
E.M.F. of its own, which acts in opposition to the incoming current. 
This is called the back E.M,F, of the motor. Now, a dynamo 
requires to be running some time before it can attain to its maximum 
E.M.F. The same thing applies to a motor. Therefore, if we start 
the motor at full speed, there being no back E.M.F. to resist the in- 
coming current, there would be such a rush of current that the 
armature coils would be heated to a dangerous extent. In conse- 
quence of this a rheostatic switch has to be inserted in series in the 
armature circuit, so that the motor may be enabled to start slowly. 
This allows a back E.M.F, to be generated in the motor ere the 
resistance coils of the rheostat are cut out of the circuit. 

Types of Motors 

L Series-wound Motors. — The chief point about this motor is that 
it is easy to start when the conditions demand a powerful starting 
torque.^ As the load decreases the speed increases, and vice versd. 
With a very light load the back E.M.F. rises, with the result that the 
magnetic poles lose their magnetism, thus causing the motor to race. 
Therefore it is obvious that series-wound motors must not be used in 
cases where the load is likely to be entirely removed. Where the 
load and speed are constant, such as in pumps and ventilators, and 
where the motor is required to run fast or slow, with increase or 
decrease of load, and when required to start up under a heavy load, 
for example, electric locomotive cranes and other heavy machinery, 

^ ** Torque '* is a word used to express the moment of a force about an axis. 
It is often expressed as the pull in lbs. exerted at the end of a lever one foot 
long. It may be more simply defined as the turning or twisting power of 
the armature. In the armature of an electro-motor it is proportional to the 
strength of the magnetic field and the current in the armature. 
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series-wound motors are most suitable. A practical example of the 
series- wound motor may be found in driving pumps in mines. 

2. Shunt-wound Motors. — In this type of motor starting is 
rendered more difficult than in the former, but the speed remains 
constant although the load varies. This motor is used for purposes 
where regularity in speed is essential, such as machine tools. 

3. Compound-wound Motors, — These motors possess both a 
series and a shunt winding, and thereby have the combined character- 
istics of the former mentioned motors. The chief point in favour of 
these machines is that the speed is more constant for varying loads 
than that obtained by the use of the shunt-wound motor. It may 
be stated here that a compound-wound dynamo may be run as a 
motor. The application of this motor is somewhat limited. Shunt- 
wound motors with compound winding for starting purposes are 
employed in coal-washing machines and crushing machinery. This 
compound winding is only switched in during starting, and is cut out 
when the motor is doing its work. 

The Lundell Direct-current Motor, — This type of motor is simple 
and compact. One energising coil is used for the field magnet. 
This coil supplies the exciting power where it is most needed, i.e. 
as near the armature as possible. There is a decrease of armature 
reaction, and also in magnetic leakage. The armature is of the 
slotted drum type. The core is composed of thin soft iron lamina- 
tions, the conductors being wound in grooves in the core surface, 
so that they are protected from mechanical injury by being positively 
driven and able to withstand great torque when overloading occurs. 
The brushes are in a fixed position, and are made of carbon. They are 
arranged radially round the commutator. The terminal box is fitted at 
the commutator end. Two holes are provided for receiving the cables. 
The bearings are self -aligning, and self -oiling lubrication is performed 
by rings resting on the shaft in slots in the brushes, and dipping into 
the oil, thereby feeding the shaft with fresh oil when it is revolving. 

To reverse the direction of rotation of continuous current motors 
it is only necessary to reverse either the connections at the armature 
terminals or those at the field terminals, but not both. Reversing 
switches are generally employed to effect the above when it is neces- 
sary frequently to reverse the motor. 

Alternating Current Electro-Motors 

In the single-phase motor the construction is somewhat similar to the 
continuous current motor. In some respects it is superior to the three- 
phase motor, but it possesses the disadvantage of having a commutator 
at which sparking is frequent. The efficiency is also very low. Another 
disadvantage possessed by the single-phase motor is that it cannot be 
operated at high voltages, whereas there is practically no limit to the 
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pressure which can be adopted in a polyphase motor. It, however, has 
the advantage of a great starting torque. The three-phase motor ia 
much more itt use in colliery work. This motor is constructed in two 
separate parts, namely, the rotor (Fig. 21), which ia the revolving part, 
and the stator (Fig. 22), which remains atationary. The rotor is equi- 
valent to the armature in a continuous curreut motor, and the stator 
takes the place of the field magnets. In the stator the windings are 
arranged in three sections, each section of co'ih being connected to 
one of the three cables coming from the generator. The rotor may be 
of the "squirrel cage" or the "wound" type. In the " squirrel cage " 
type of rotor, aingle conductors are laid in ducts in an iron core. All 
the eondactor ends are joined up to two copper rings which fomi 
the ends of the rotor, thua completing the circuit throughout. In 
the " wound " ty]>e the conductors are w<mnd on the ii-on core, and 
they are all short-circuited to three slip riugM fixed on the Kliaft, but 



Fio. 21.— Rotor of polyphase motor. 

insulated from it. The action of the motor is as follows ; — When the 
current ia awitched on, the windings on the atator produce a revolving 
magnetic field in the interior of the motor. The lines of force in this 
revolving magnetic field cutting the conductora or wires on the circum- 
ference of the rotor causes an induced electromotive force to be aet 
up, which in turn attempts to follow up the magnetic field, and so 
the rotor revolves. On the application of a load the action of cutting 
the lines of force will be increased, while the speed will he decreased 
slightly. The electromotive force induced in the rotor is increased, 
so that more current is taken and a greater torque is exerted to deal 
with the increased load. It is necessary for the rotor to revolve at 
a slightly slower speed than that of the rotating magnetic field, in 
order that power may be taken from the stator to cope with the load. 
The difference in apeeda is termed the "slip." These polyphase 
motors are automatic in action, and self-starting. They have the 
advantage of possessing no commutator, so that all possibility of 
ajwrking is obviated. The machine requires little attention beyond 
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lubrication, which is generally automatic in action, so that inspection 
once a week is , all that is necessary. Where large powers are 
required, and consequently great starting torque, slip rings fixed to 
the shaft are connected to the coils of the rotor (see Fig. 23). A 
" wound " rotor ia required for large powers, as a greater starting torque 
is obtained, and at the same time keeping down the heavy induced 
currents from the line circuit. This is obtained by inserting a resistance 
in series with the coils of the rotor, contact being effected by the slip 
rings mentioned previously. An outstanding advantage of this motor for 
colliery work is that the speed is practically constant. No wastage of 



F[G. 22.— Stator of polyphase motor. 

power occurs in the motor, as it only takes enough current to acquire the 
necessary torque. Fig. 23 shows a 120 horse-power three-phase motor. 
To reverse the direction of rotation of a three-phase motor, reverse 
any two of the connections at the terminals of the motor. In a two- 
phase motor, reverse one of the phases only. A motor, of course, 
cannot be reversed while running. It must be first stopped, then 
reversed, and then started slowly in the usual way. 

Motors for Coal-Cdtting Machines 

The continuous current type of electric motor is generally adopted 
for coal-cntting machines. In fiery mines and in dusty atmospheres 
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the motors of coal-cutters should always be enclosed, and gas-tight. 
For such work the polyphase motor ia now coming greatly into favour, 
principally owing to the fact that alternating current rnay be used 
at high tension for transmission into the mines, where it may he 
transformed to a suitable voltage for use in the coal-cutting machines, 
and having no commutator or brushes is leas liable to sparking. 



Fig. 23.— 120 H.P. three- pli use motor. 



Motors for Haulage and Pumping 

For endless rope haulage the ahunt^wound C.C. motor is probably 
the most suitable, as it gives practically constant speed tor all loads. 
One disadvantage it jiossesses is that it does not start well against a 
heavy load, necessitating the insertion of starting resistance in the 
motor circuit. Compound and series-wound motors are suitable for 
main and tail haulages, and also in traction work. The first named 
ia frequently adoi>ted for ojjerating pumping gear and also coal- 
cutters. 

Fig. 24 shows an enclosed type of electro-motor suitable for use 
in fiery mines. Fig. 25 shows a aemi-encloaed type of electro-motor 
suitable for colliery work. 
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in enclosfld type of electric motor, with insjiectioi 
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Motor-Generator 

As the name suggests, we have two machines coupled together. 
The one, with current supplied to it, drives the other, which in turn, 
delivers current. The applications of the motor-generator, or " booster," 
as it is often called, are (1) transforming a high to a low voltage with 
an increase in current, (2) for raising the voltage at the end of a long 
feeder main, thereby making up for loss of pressure in the feeder main, 
and (3) for converting alternating current to continuous, the motor in 
this case taking alternating current, while the generator gives out con- 
tinuous current. In practice the usual form has two fields and two 
armatures mounted on one spindle, connection being made by means 
of a shaft coupling between the two machines. These machines are 
self -regulating, as the main current flows through the field and arma- 
ture of the generator in series with the line. When the load on the 
outside circuit is increased the field strength is increased in the 
booster, and the additional pressure is thus supplied to the booster 
circuit. For long distance transmission the mains or conducting 
copper cables must be necessarily thin owing to the heavy price of 
copper. As high-pressure current may be along mains of small sec- 
tional area, it is possible to utilise the booster to transform down this 
high pressure to a pressure suitable for the work to be done. Fig. 26 
shows a modern type of motor-generator. 

Static Transformers 

As it rarely happens that high-pressure current, say at 3000 volts, 
can be used directly, some means must be found to reduce it, just as 
we would reduce a high to a low speed by reduction gearing. The 
apparatus most generally used to perform this function is the static 
transformer. In this form of transformer there is no revolving part 
whatever. It possesses two circuits, the "primary" and the 
"secondary." Suppose a soft iron ring to have two windings, one 
of thick, the other of thin wire, placed diametrically opposite on 
its circumference. The alternating current from the generator flows 
round the primary coil on the one side, and causes fluctuations to be 
set up which penetrate the other coil on the other side, which is called 
the secondary, thus causing an E.M.F. in this coil. 

The E.M.F. in secondary _ number of turns in secondary 

The EJII.F. in primary number ortums in primary' 

Transformers may be used (1) in which alternating current is 
generated at low pressure and transformed up to a high pressure, (2) 
in which alternating current is transformed down from a small current 
with a high voltage to a large current with a low voltage. These 
transformers are called "step up" and "step down" respectively. 
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111 the " step mi " transformer the [irimary coil consista of few 



tunis of thick wire, and the secondary has many turns of thin 
wire. In the "step] down" transformer the reverse is the case. 
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The main loss in transformers is due to hysteresis in the iron core, so 
that good material and careful design are very essential. There are 
also losses due to magnetic leakage and eddy currents. The General 
Electric Company make oil-cooled and air-cooled transformers, but 
recommend the air-cooled transformer for large sizes. Fig. 27 shows 
a modern transformer. 

Transformers are made for two-phase and three-phase alternating 
current. Two transformers may be used in connection with a two- 
phase generator for transforming to a high pressure for a three-phase 
circuit. 

Rotary Converters^ or Double Current Generators, as they are 
sometimes called, are machines resembling an ordinary dynamo, with 
slip rings at one end of the armature, and a commutator at the other. 
A rotary converter, if supplied with continuous current, will give 
alternating current, and vice versd ; if supplied with continuous current, 
it will run as a motor ; if with alternating current, it will run as a 
synchronous motor. If driven by mechanical means, it will deliver 
continuous or alternating current. 

Care of Electrical Plant 

So great advances have been made in the manufacture of electrical 
machines, that they should with ordinary care last for many years 
without giving trouble. 

Miners and others who have charge of dynamos and motors should 
remember that cleanliness is the leading factor in the maintenance 
and efficient running of same. The majority of faults in electrical 
machines may be attributed to ignorance, neglect, or abuse. Over- 
loading is a frequent fault, which if persisted in will assuredly cause 
l^ermanent damage sooner or later. 

In starting up a new generator, great care should be exercised. 
Run the machine at a slow speed with the magnetic field slightly 
excited, to an external circuit, say, the driving of a motor and lighting 
of lamps. This will cause the armature to become dry. Armatures 
usually absorb moisture when new, or when left idle for long periods. 
A sheet of sand-paper should be wound round the commutator and the 
brushes put on top of this. On revolving the armature, the carbon 
brushes take the correct shape of the commutator. Loose wires and 
nut keys should not be allowed to remain in proximity to the 
machines. All bolts and nuts should receive jDeriodic attention, 
being tightened when required from time to time. Keep the parts 
of the machine free from dust and oil, see that no dirt accumulates 
about the brushholders. The carbon dust falling from the brushes 
should be frequently wiped up. The carbon brushes are copper 
plated, so that good contact between the brushholder and brush is 
ensured. Copper gauze brushes are still used on some machines, but 
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the carbon brush finds more favour. If the commutator brushes and 
rocker gear are well designed there should arise little or no trouble 
at that part of the machine. There is a certain position of the 
brushes on the commutator where no s^jarking takes place. This 
position can be found by experiment, i.e. by moving the rocker gear 
one way or the other. It is important to see that the right tension 
is given to the springs which press the brushes on the surface of the 
commutator. If the brushes are too slack, sparking occurs, and often 
they jump over the commutator surface ; while, on the other hand, 
if the brushes are too tight, ruts and hollow places api)ear on the 
commutator surface. Commutator greases and oils should be studi- 
ously avoided. The surface should be cleaned with a linen rag, and 
the least i)ossible quantity of pure vaseline applied by means of a rag 
is all the lubrication that is required. When cleaning the commutator 
while the machine is in motion, never remove the brushes when the 
load is on. Waste should on no account be used, as it is apt to 
catch on the brushes and cause sparking. Slight inequalities and 
" fiats " may be removed from the surface of the commutator by the 
use of fine sand-paf>er while the machine is in motion. If the 
commutator becomes rutty and grooved it should be taken out and 
turned to a true surface in a lathe. Should a motor revolve in the 
wrong direction it will be found that the connections have been 
reversed. Failure to start in a motor may be due to bad contact or 
short circuit, want of magnetism or overload. Care should be exer- 
cised in operating the starting resistance or controller of a motor. It 
should be worked slowly from stud to stud. Inattention to this has 
often caused failure in armatures. Electrical machines at pit-head of 
collieries and mines should be installed in buildings si)ecially designed 
for the purpose, while motors iivorking underground should be semi- 
enclosed or totally enclosed, depending upon the surroundings. In the 
case of electrically driven pumping installations underground, motor 
and pumps should be contained in a small room or shed. 

EA.ETHING OF DyNAMOS AND MoTORS 

The Electric Rules require that all generators, motors, transformers, 
etc., using current above the limits of low pressure, be efticiently earthed. 

The object of earthing is to reduce the risk of shock to a minimum. 
The main point to watch in efficiently earthing the apparatus is that 
a good earth, that is, a good connection to earth, is obtained. The 
best plan is to procure a copper plate, about 2 feet square, solder to 
it a copper connection, and sink the plate in the ground, near the 
generating station. The cable armouring is then earthed at this point, 
through the copper connection. Subsecpently the generator, all 
transformers and motors, switch-gear cases, should be definitely 
earthed through the cable armouring. 
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A good earth may sometimes be obtained through a pump main, 
but care must be taken that the pipes make a good earth contact, 
otherwise the whole of the pump fittings will become alive should a 
discharge to earth occur. 

Coupling Dynamos Together 

It sometimes happens, in order to obtain additional power, that 
dynamos are made to run together and deliver current to the same 
supply mains. For this purpose, continuous current dynamos may be 
coupled in series or in parallel. If two dynamos are run in series 
the pressure will be approximately doubled, while the current will 
remain the same; if coupled up in parallel, the current may be 
doubled while the voltage remains constant. In running alternating 
current generators together an apparatus known , as a synchroniser is 
employed in order to ascertain if the two machines are " in step," or, 
in other words, are reaching their maximum E.M.F. at the same 
moment. Once " in step," the machines are coupled together by means 
of a switch, the necessary connections having previously been made. 



CHATTEE III 
TRANSMISSION AND DISTRIBUTION OF POWER 

The switchboard — Switches — Circuit-breakers — Time-lags — Fuses and cut-outs 
— Measuring instruments — Locating a fault — Testing insulation — Lightning 
conductors — Systems of distribution — Economy ot high tension — Colliery 
electric cables — Tensile strength of conductors — Sizes of cables — British 
standard wire gauge — Current density in cables — Loss of pressure in cables 
— Details of copper-stranded conductors — Insulation of cables— Protecting 
the insulation — Types of cables used in collieries — Suspension of cables in 
shafts — Fixing of cables in shafts — Jointing of cables in shafts — Suspension 
of cables in roadways — Callender's cable clip or suspender — Joint-Boxes — 
Disconnecting boxes — Solid system or troughing — Howard's asphalt system 
— The Simplex system. 

The Switchboard 

All the necessary switches, ammeters, voltmeters, recorders, fuses, 

etc. are fixed on this board, and connection made from the generators 

to the circuit. The current for power and lighting is controlled 

from this point. The board is usually divided up into panels, each 

generator having a panel of its own, with the various switches, meters, 

cut-outs, and rheostats to control the magnetic fields of the generator. 

If a battery of accumulators is used to help the generating plant 

to supply the current over the " peak " of the load, a special panel 

is usually provided. Copper bars, rectangular in section, are used 

as a medium between the generator and circuit. These " bus-bars," 

as they are termed, are usually arranged in pairs, at the back of the 

switchboard. The best place for a switchboard in the dynamo or 

engine-room is determined by the space available and the emission 

of light. Care should be taken that no steam piping is placed near 

the board, as the heat has an injurious effect on the contacts. Slate 

and marble are used for switchboards. Care should also be taken 

to see that no metallic veins run through the material. Regarding 

main switchboards the Rules say : — 

" The main switchboard shall be separated from the engine-room 

by a hard-wood rail not less than 3 feet from the front of the board. 

The space in front of the board shall be a platform raised not less 

than 6 inches above the floor leveL 

" If there are any connections at the back of the switchboard, there 

40 
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shall be a clear space behind the boards of not less than 3 fe«t. 
If space is required for resistance frames or other electrical apparatus 
behind the boards, the i>£tssage way must be widened accordingly. 
No cable shall cross the passage way at the back of the board except 
below the floor or at a height of not less than 7 feet above the floor. 
The space at the back of the switchboards shall be accessible from 
each end, and, except in the ease of low-pressure switchboards, must 
t>e kept locked tip, but the lock must allow of the door being opened 
from the inside without the use of a key. 



Fia. '.^8.— Main switcliboard (front view). 

"Where generators are paralleled, reverse current cut-outs shall 
also be provided. 

"Where the supply is maintaiDed continuously, the switchboard 
shall be arranged in sections so that all the pressure can be cut off 
from any section for the purpose of cleaning or repairing it. If the 
transmission lines from the generating station to the pit are overhead, 
there shall be lightning arresters in connection with the feeder 
circuits." 

A good example of a modem colliery switchboard is shown in 
Figs. 28 and 29. It is situated in the jjower station of the Powell 
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Duffryn Steam Coal Co., South Wales. The two generator panels 
are seen in the left of the figure. The generators are three-phase 
3000 volt 1000 K.V.A. Four large feeding cables take the current 
to the various [wints in the pit. The third panel from the left 



F[<;. 29.— Main switchboard (back vieiv). 

contains the measuring inatrumeuta, while the remaining sections 
are auxiliary feeder panels. A three-pole air-break insulating switch 
ia fixed at the top of each jjanel, and enclosed in an insulating 
division box with protecting screen. The back of the switchboard 
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is sectioned off so that separate cubicles or lockers are formed for 



Fio. 30. — Panel connections. 

the panels. Doors made from expanded metal are fitted to each 
cubicle, and will not open unleas the insulating switch for that i)anel 
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is off. Therefore, when the cubicle is oi^n, no current exists in the 
mechanism, and repair or adjustments may be safely carried on. 
An automatic air-break switch is put in aeries with the insulating 
switch. The feeders carrying the high - tension current are 
conducted overhead, thereby necessi- 
tating the use of lightning arresters 
to prevent damage to the generat- 
ing plant during electro-static dis- 
turbance. 

Fig. 30 shows the connections in 
one of the jianels. Switchboards under- 
ground are constructed on the same 
principle as those on the siu-face if the 
mine is a non-fiery one, but if fire-damp 
is present switchboards of special con- 
struction are required. 

A type of underground switchboard 
made by the British Westinghouse Com- 
]>any is illustrated in Fig. 31. This 
switchboard is for controlling direct 
current motors working at a pressure of 
600 volts or under. 

It consists of a line of unit switch 
and fuse boxes, ammeter frames, motor- 
starters, and bus-bar chambers. 

Knife switches and enclosed fuses are 
employed, and all live parts are enclosed 
in cast-iron boxes. 

The apparatus illustrated is capable 
of dealing with a motor of 33 H.P. 
at 500 volts. 

Fig. 3'2 shows diagrammatical ly the 
apparatus and connections for a three- 
phase underground motor-control box 
Fio. 31.— Underground switch- for circuits up to 600 volts, 
board (covers rBmoved). 

Switches 

On the surface and in mines free from fire-damp the ordinary 
type of knife switches is generally used. 

Fig, 33 shows one of these switches in the " on " position. The 
contact blades are of copper, and an insulating handle is provided 
for the safe working of the switch. 

In mines where General Rule No. 8 of the Coal Mines Regula- 
tion Act applies a special class of switch has to be adopted. An 
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Fig. 32. — Connections for underground switchboard (three phase). 
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enclased type of switch for use in 
fiery niinea ia shown in Fig. 34. 

The switch is suitable for circuits 
up to 600 volts. It is enclosed in a 
case of caat-iron lined with asbestos, 
and is provided with outside handle. 
The spindle passes through a gas- 
and watertight gland into the case, 
and the handle is made of highly 
insulating material. The hinged lid 
is provided with a rubber ring, so 
that when closed a iwrfect joint Ls 
made between the lid and the box. 
The above types of switches are 
designed by Johnson it Phillijw of 
Charlton. 

Switches which break under oil 
are also used in fiery mines. Fig. 
^5 shows an oil switch made by the 
Switchgear Company for potentials 
up to but not exceeding 3300 
Fir. 33.— Doublt-polemaiii switcli. volts. 
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The switch ia provided with 
double-break knife contacts immersed 
in a single oil tank, and has barriers 
of treated wood placed between the 
poles to prevent the arcs from 
communicating. All live jiarts are 
effectually covered when the tank is 1 
in the working position. 

Fig. 36 shows an oil switch by 
the same firm, designed for potentials 
above 3300 volts. The illustration 
shows the switch with the oil tank 
removed. 

The oil in the tanks of oil 
switches should be occasionally 
renewed, as the constant arcing 
in time tends to affect the insulat- 
ing properties of the oil through 
the formation of a carbon deiKfctit. Figs. 37 and 38 show two 
views of a tumbler switch for lighting circuits in the "on" and 
"off" [lOaitioilS. 



Fi<i. 36.— Oil switch B-itb ti 



Fig. 37.— TumUeva 



t.h(", 



48 KLECTRICAL EQUIPMENT OF COLLIERIES 

Water Sivilclies are also recommended for use in aituationa where 
there is the risk of fire-damp accumulationa. They consist of a tank 
or trough filled to a certain level with a solution of salt and water. 
Fixed to the bottom of this vessel is a cone-8hai>ed metal terminal 
to which is clamjied one of the mains. 

Above the trough, pivoted on a horizontal spindle, is a single or 
double-bladed knife switch. 
The blades are usually 
shaped like the sector of a 
circle, and on the operating 
handle being raised the 
sector is lowered into the 
li<[uid, when of course the 
circuit is completed, the 
blades and the contact piece 
at the bottom of the trough 
being both in the water. 

The liquid switch la 
frequently used for a start- 
ing switch, because the 
,jij water, being of high resist- 
ance, chokes back the cur- 
rent at the first completion 
of the circuit. As the blades 
are gradually lowered this 
resistance Ja slowly cut out, 
because the distance between 
the fixed and movable con- 
tacts ia being reduced. In 
I this way the motor is en- 
abled to start slowly and to 
gradually accelerate in speed. 
Fig. 39 shows a form 
of liquid switch made by 
Scott & Mountain of New- 
castle - on - Tyne. In this 
Fic. 3S.— Tiimb)ersrtittli("oil-poiitioi.), form a hand wheel is pro- 
vided by means of which 
the central contact piece is raised or lowered. This movable contact 
works between insulating guides, and ao cannot touch the outer case. 

Starting Sivke/ier. — The ordinary type of starting switch or 
rheostat consists of a number of coils of iron wire which are connected 
up to a correaponding number of contact studs or buttons in such a 
manner that if a contact switch is passed from one stud to another 
a coil of the iron wire resistance is cut out of the circuit as each 
additional stud is passed. 
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A reference to Fig. 41 will serve to show the action of the 
starting switch. It will be noticed that there are a seriea of contact 
atuds over which the switch has to pass in running the motor up to 
full speed. Now, if the starting switch is rested on the first stud, 
the motor will start, but as the whole of the iron wire resistance is 
still in circuit, the pressure is choked back, and the motor is allowed 
to start slowly. After the armature is io motion for a short period 
the starting switch is moved to the second stud. In doing this the 
coil or coils of resistance connected up to the first stud are cut out of 
circuit, and part of the resistance being thus removed the motor is 
enabled to gain in speed. 
In the same way, as the 
switch is passed from stud 
to stud additional coils of 
resistance are cut out, until, 
when the switch rests on 
the last stud of all, the 
whole of the resistance is 
out of circuit, and the 
motor is running at its 
maximum speed. The re- 
sistance is generally kept 
in an iron box or case 
fixed on the switchboard. 
In most modern starting 
switches a small electro- 
magnet, which is excited 
by the current, holds the 
switch lever on the last 
contact. If for any reason 
this magnet fails to become 
electrified, the switch i-i 
automatically released, and 

is pulled back by a spring , . . , 

which is attached to it, and F'«- SS'-WukI "'"t"''. 

against which it has to be 

pushed when the motor is being started, thereby preventing any 
possibility of starting vrith full current. The starting switch of a 
three-phase motor has three separate sets of resistance coils, and a 
three-armed switch is used. On starting the motor, each arm of the 
switch rests on the first contact stud of one of the sets of resistance 
coils. As the switch moves from stud to stud the resistance in each 
of the sets is gradually cut out 
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Circuit-Breakehs 

These are for the automatic breaking of the circuit when au 
overload or ahort circuit occurs. Fig. 40 shows Statter ib 



Fig. 40.— Circuit- breaker, witli automatic release. 

Simeon'a patent circuit-breaker, designed for direct-current circuits 
at any pressure up to 1000 volts. 

When being thrown into circuit, the circuit-breaker has to act 
against a apring, and when in the " on " position the breaker is held 
by a trigger catch. An electro-magnet having a movable core or 
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armature is fixed just below the trigger catch. When an overload or 
short circuit occurs, the movable core of the magnet is pulled sharply 
up, knocking off the catch and releasing the breaker, which is drawn 
quickly back by the spring. 

A Magnetic Blow-out is also sometimes provided for use with a 
circuit-breaker for the prevention of arcing on the main contacts. 



Time-Lags 

These are apparatus for use in combination with circuit-breakers 
and motor-starters, whose function it is to regulate and control the 
action of the automatic releasing arrangement. 

The employment of a time-lag is calculated to ensure safety to 
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Fig. 41. 



-Method of wiring for no-voltage release starter, 
with time-lag relay. 



the motor, reliable and definite action of the circuit-breaker, and 
general efficiency. The time-lag prevents the breaker from being 
opened by a sudden transitory overload, and will retard its action for 
a definite and adjustable period according to the amount of overload. 

Should the overload be serious, as in the case of a short circuit, 
the action is absolutely instantaneous, while if the overload passes 
off before the circuit-breaker has opened the time-lag automatically 
resets itself. 

It should be used on all important electric circuits. 

Fig. 41 shows the method of wiring up to an ordinary no-voltage 
release starter, with a time-lag relay. 

Statter's patent time-lag, made by the Switchgear Company, is 
one of the best of these instruments. 
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Fuses and Cut-outs 

Fuses are used for protecting an electric circuit. Being the 
weakest part in the circuit, the fuse is burnt out when an excess 
of current passes, thus breaking the circuit and leaving it 
undamaged. 

Fuses should be used on every independent motor or lighting 
circuit. They are generally mounted on the switchboard, and are 
enclosed in gas-tight boxes where there is a danger of fire-damp 
accumulations. 

Fig. 42 shows a common type of fuse with raised terminals 
enclosed in insulating porcelain washers. 

The accompanying table gives the approximate fusing currents of 
different kinds and sizes of wires used for fuses. 



Approximate Fusing Currents (Sir W. H, Preece). 



Current in 
Amperes. 


Tin Wire. 


Lead Wire. 


Copper 


Wire. 


Iron Wire. 


Diameter 
inches. 


Approx. 
S. W. G. 


Diameter 
inches. 


Approx. 
S. W. G. 


Diameter 
inches. 


Approx. 
S. W. G. 


Diameter 
inches. 


Approx. 
S. W. G. 


1 


0-0072 


36 


0-0081 


35 


0-0021 


47 


0-0047 


40 


2 


0-0113 


31 


0-0128 


30 


0-0034 


43 


0-0074 


36 


3 


0-0149 


28 


0-0168 


27 


0-0044 


41 


0-0097 


33. 


4 


0-0181 


26 


0-0203 


25 


0-0053 


39 


0-0117 


31 


5 


0-0210 


25 


0-0236 


23 


0-0062 


38 


0-0136 


29 


10 


0-0334 


21 


0-0375 


20 


0-0098 


33 


0-0216 


24 


15 


0-0437 


19 


0*0491 


18 


0-0129 


30 


0283 


22 


20 


0-0529 


17 


0-0595 


17 


0-0156 


28 


0-0343 


20-5 


25 


0-0614 


16 


0-0690 


15 


0-0181 


26 


0-0398 


19 


30 


0-0694 


15 


0-0779 


14 


0-0205 


25 


0-0450 


18-5 


40 


0-0840 


13-5 


00944 


13 


0-0248 


23 


0-0545 


17 


50 


0-0975 


12-5 


0-1095 


11-5 


0-0288 


22 


0-0632 


16 


60 


0-1101 


11 


0-1237 


10 


0-0325 


21 


0-0714 


15 


80 


0-1334 


9-5 


0-1499 


8-5 


0394 


19 


0-0864 


13-5 


100 


0-1548 


8-6 


0-1739 


7 


0-0457 


18 


0-1003 


12 


120 


0-1748 


7 


0-1964 


6 


0-0516 


17-5 


0-1133 


11 


140 


0-1937 


6 


0-2176 


5 


0-0572 


17 


0-1255 


10 


160 


0-2118 


5 


0-2379 


4 


0-0625 


16 


0-1372 


9-5 


180 


0-2291 


4 


0-2573 


3 


00676 


16 


0-1484 


9 


200 


0-2457 


3-5 


0-2760 


2 


0725 


15 


01592 


8 


250 


0-2851 


1-5 ' 

1 


0-3203 





0-0841 


13-5 


0-1848 


6-5 
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Automatic cut-outs are also frequently employed for the better 
protection of electric circuits. 

There are three different types of these in general use. 

1, Exceta Current Cut-oats. — These act the part of fuses, and 
break the circuit when an overload occurs. 

2, Minimum Current Cut-out». — These act when the current falls 
to a certain percentage below the maximum, usually about 15 per cent. 

3, Excess X'on-retum Cur- 
rent Cut-outs. — These act as 
fuses, but break the circuit only 

with a return current. They 

are required in colliery instal- 
lations when dynamos are run in 
parallel. 

Measueing Instruments 

Various instruments are used 
for the purpose of electrical 
measurement. These are usually 
situated on the switchboard, this 
being the moat convenient posi- 
tion, as the current is controlled 
and distributed from thin point. 
The Voltmeter, as its name 
implies, is an instrument for 
measuring the potential differ- 
ence between two points at any 
particular time, the measure- 
ment being in volts. The 
principles u])on which their 
action depend are, firstly, the 
effect of heating in a wire due 
to the current. Such instru- 
nieata are known as hot-wii-e 

voltmeUrs. By means of suitable Fig. 42.-Sftfety fuse, 

mechanism the expansion of 

the platinum wire causes the [lointer to move across a graduated 
scale, the deflection denoting a certain number of volts. The advant- 
ages of this hot-wire instrument are^(l) they may be used on 
continuous and alternating current circuits ; (2) the errors due to 
self-induction are done away with by having no iron parts or solenoids ; 
(3) since the heating effect is utilised as the principle of this instru- 
ment, then the errors which occur in other types of voltmeters due 
to heating are, in this case, eliminated. The disadvantages are — 
(I) the zero point is apt to change, and the deflection lags a little, 
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due to the wire taking some time to reach its final temperature ; 

(2) should a current slightly over the maximum pass through 
the instrument, the thin wire, due to the great temperature, fuses ; 

(3) the electrical energy wasted in some instruments of this type is 
excessive. Secondly, instruments in which the magnetic effect of the 
current on a magnet takes place, or these conditions reversed. The 
Weston Moving Coil instrument is a good example. Between two 
permanent steel magnets a soft iron cylinder is fixed. A moving 
coil of copper wire embraces this soft iron cylinder, and is free to 
move in the intense magnetic field thus produced. A hair spring 
is fixed to one end of the coil, the other end of the spring is anchored 
to the instrument. At the ^ other end of the coil a spring exactly 
similar to the one mentioned above is also in use. As these- springs 
are made from a non-magnetic metal, and their spirals are coiled in 
opposite directions, the temperature effects are neutralised. The 
current passing to and from the coil is carried by these springs. 
Fixed to the coil is a pointer made of aluminium, one of the non- 
magnetic metals. A graduated scale is provided, over which the 
pointer travels. An iron casing protects the working parts from 
the disturbing influence of outside magnetic fields. When a current 
passes through the coil of the instrument it tends to take up a posi- 
tion at right angles to the magnetic field, so that the lines of force 
caused by the current coincide with the lines of force due to the 
magnet. This instrument is " dead beat," because the eddy currents 
induced in the framework of the coil retard the motion. The reading 
on the instrument depends upon the magnetic field and the pressure 
of the current. Some of the advantages claimed for this instrument 
are — (1) they are "dead beat"; (2) no errors from the effects of 
hysteresis, as in other instruments; (3) working parts are of light 
construction and highly sensitive, and the power absorbed is small. 
A few of the disadvantages are — (1) the spring and magnets weaken 
after some considerable time ; (2) a reversal of the current causes the 
pointer to swing in the wrong direction most violently against the 
sides of the instrument, thus causing it to bend. 

The "Moving-iron" Voltmeter may be mentioned here, as its 
principle is somewhat similar to the foregoing instrument, the con- 
ditions, however, being reversed. A specially constructed solenoid 
with a strong and uniform magnetic field is situated at the centre. 
At the ends of the solenoid the magnetic field is strong owing to 
the lines of force leaking at the sides or ends. Two pieces of soft 
iron are suspended in the core of the solenoid. One piece, short in 
length, tends to move towards the centre. The other piece, which 
is long, tends to move towards the wires at the sides or ends. The 
strength of the magnetic field and the current determine the motion 
of the pointer over the scale. Fig. 43 shows the external appearance 
of a voltmeter. 
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The Ammeter (Fig. 44) is an inatrument for iodicating the strength 
of the current in amperes flowing in any part of the circuit at a given 
time. The ammeter is practically similar in construction to the 
voltmeter, but has a much lower resistance than the latter. Animetera 
are made on the hot-wire and moving coil and iron principles. 

Ammeters are connected in series with the main circuit. Volt- 
meters are connected directly across the mains by means of a thin 
shunt wire. 

A }V^attni^ter is an instrument which measures the watts expended 



Fig. *3.— Voltmeter. 

in a circuit at a given instant. A well-known make is that known 
as Siemens'. The principle may be stated as follows : — 

A moving coil wound with thick wire of a low resistance is in 
communication with the main circuit. Two coils are necessary to 
measure the wattage, one for amperes and one for volts. The thick 
wire coil is known as the ammeter coil. Another coil of high resist- 
ance wire is connected as a shunt to the mains where the watts 
expended are to be measured. This stationary coil is known as the 
voltmeter coil. At the normal position the coils lie at right angles 
and the fingers point to zero. When the current is switched on it 
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circulates round the moving coil, and a small percentage of it is 
shunt«d through the fixed coil. A turning movement ia exerted, and 
it ia proportional to the two currents multiplied, so that the reading 
in volts multiplied by the reading in amperes equals the watts 
expended. For use on alternating current circuits a special non- 
conducting case is employed to cover the working parts, and to prevent 
eddy currents influencing the coila. 

Blectricity Meters are used for measuring the quantity of elec- 
tricity in a given time. There are different classes of meters. 1st. 



Fio. 44. — Ammet«r. 

Clockwork Meters, containing two pendulums carrying coils of thin 
copper wire. Underneath, two solenoids are fixed, through which the 
main current passes. By using suitable connections, the direction of 
motion of one pendulum is retarded, while the other is accelerated. 
The ditference between the two motions is registered on dials, and 
the reading denotes the energy or quantity of electricity supplied. 
These meters may be used on continuous and alternating current 
systems, and are self-winding. 2nd. Electrolytic Meters. There are 
many well-known makes, such as Wright's, Edison, Long-Sehattner, 
and Bastian. A short description of the latter may suffice to show 
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the principle on which they depend for their action. A dilute 
solution of sulphuric acid is contained in a glass cylinder of about 
2 inches diameter and 12 inches long. Evaporation of the liquid 
is eliminated by a top layer of paraffin oil. Two platinum electrodes 
are contained in a vulcanite holder at the extremity of the glass 
cylinder. The top of the cylinder is fitted with a porcelain cover 
tapped by two vulcanite tubes through which are threaded the lead 
wires carrying the current from the terminals of the meter to the 
electrodes in the vulcanite holder. A sheet iron case encloses the 
instrument, an inspection window being fitted in front. The elec- 
trolyte takes up a zero position, and when the current is switched on 
the electrolj^ is decomposed into two gases, hydrogen and oxygen. 
By the law of Faraday, the amount electrolysed in a given period is 
proportional to the total quantity of electricity which has passed in 
that period, the level of the liquid being taken as a measure of the 
quantity of current in ampere-hours which causes the liquid to 
fall. 

The Ohmnuter is also essential on electric circuits at collieries. 
One of the best types of ohmmeter is the N.C.S. Leakage Indicator. 
This instrument is of the centre-zero moving coil type, and is for use 
on direct-current two-wire circuits with both mains insulated. There 
are three terminals on the instrument, the two outside terminals 
being connected to the positive and negative mains respectively, 
while the centre terminal is connected to earth. A high resistance, 
200,000 ohms, is connected across the mains, and the mid-point of 
this resistance is earthed through the moving coil. By this means 
a reading is obtained on the ohmmeter should there be any defect in 
the insulation of either of the two mains, a two-way switch being 
provided so that the instrument may be connected with either main 
and earth. 

Another type of leakage indicator made by Nalder & Thompson 
is designed for use on alternating current circuits, whether single-, 
two-, or three-phase. 

The principle made use of in these instruments is that of sujjer- 
imposing a small continuous current on the alternating current 
system. 1 This continuous current is measured by means of a per- 
manent magnet moving-coil instrument, which is unaffected by 
alternating currents. 

The source of direct current may be either a battery, small 
generator, or the exciter of the alternating current generator. 

The moving-coil instrument is calibrated with the known voltage 
of the battery, small dynamo, or exciter, so as to give direct reading 
in ohms of the insulation resistance between the system and earth. 
In addition to the scale of ohms, the dial of the instrument has also 
a scale of amperes marked on it. The actual leakage current is never 

* Electrical Magazine ^ March 1907. 
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Fig. 45. 
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greater than the number of amperes shown by the reading of the 
instrument, though under certain circumstances it may be less. If 
the insulation resistance of the system falls below the Home Office 
requirements, a fuse blows ; the blowing of the fuse closes a local 
bell circuit which keeps the bell ringing until the insulation is 
repaired.. 

Fig. 45 shows the general arrangement for completely insulated 

circuits. 

A, B, and G are the 
star windings of the 
generator. The leakage 
indicator is connected 
as shown between the 
l)oint C and the large 
inductive resistance I, 
which is in series with 
the cells or exciter 
through the fuse F to 
E, the earth. 

The object of the 
large inductive resist- 
ance is to prevent the 
flow of any appreciable 
alternating current to 
earth through the in- 
strument. 

Fig. 46 shows the 
arrangement for cir- 
cuits with earthed 
"neutrals." It will be 
noticed that the in- 
strument is inserted 
between the neutral N 
and earth. The resist- 
ance of the instru- 
ment, fuse, and battery 
is only 5 ohms, or 
with an exciter only 
1 ohm, consequently the earthing of the neutral is in no way 
impaired. To prevent the neutral wire being entirely disconnected 
from the earth when the fuse blows, a resistance R is connected in 
parallel with the fuse ; this resistance is just large enough to prevent 
the current through the instrument, due to the leak, doing any 
damage. When the fuse F blows, the small spring switch to which 
it is attached on its lower side (see diagram) is allowed to fall, thus 
closing the bell circuit and ringing the bell D. 
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Locating a Fault 

Once a fault in the insulation of a main circuit has been recorded 
by the warning bell of the leakage indicator, the next thing to be 
done is the localisation of the fault. 

In direct current work an apparatus frequently used is Evershed's 
combined ammeter and voltmeter. The mode of procedure is shown 
diagrammatically in Fig. 47, and is as follows : — 

Provide an adjusting tank, about 2 feet deep and 1 foot square, 
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Fig. 47. 



constructed of wood, and coated inside with pitch. On the bottom 
place a loose plate of iron, say 9 inches square, from which an in- 
sulated lead is brought out. A second plate is carried by a wood rod 
in such a manner that its height can be adjusted in the tank. The 
tank is then filled with a solution of soda, and forms a convenient 
means of adjusting the current by varying the height of the adjust- 
able plate. 

Now connect the two cables together at the bottom of the pit, 
as at D and C in the diagram. 
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Next connect, as shown in sketch, the dynamo to the cable circuit 
throngh an appropriate ammeter shunt and the adjusting tank (in 
which the plates should at first be as far apart as possible). Then 
run up the dynamo to a steady voltage, and increase the current by 
means of the adjusting tank until there is a good reading on the 
voltmeter indicating the dro}> of volts between |>oint A and 
earth. 

Then, with the game current^ measure the volts between point B 
and earth. Then the ratio of the two volt readings gives the position 
of the fault Call the volts between A and earth jr, and those 
between B and earth y. Then — 

X _ distance of fault from A, 
y distance of fault from B, 

which is equivalent to saying that the distance of fault from A is — 

X total length of the looped cables. 

x + y 

The formula assumes that the resistance of the cable is uniform 
throughout its length. 

Testing Insulation 

For testing the insulation of generators, motors, and cables, the 
two instruments most usually employed at collieries are the " Ohmer " 
and the " Megger." 

The ^^ Ohmer .^^ — This instrument may be used for 500-volt and 
1000- volt circuits, and gives the foUowing ranges of resistance : 
To 20, 50, or 100 megohms, at 500 volts, and up to 50 or 100 
megohms at 1000 volts. It consists of a generator and ohmmeter of 
the electro-static type. The ohmmeter is independent of all external 
fields. It is also made dead-beat by magnetic damping. The working 
of the set is as follows (see Fig. 48) : One of the generator terminals 
is connected to the quadrant A of the ohmmeter, and the same 
terminal is connected through a resistance R to the other quadrant B 
of the ohmmeter. The other terminal of the generator is connected 
to the vane V. A connection from quadrant B goes to the main or 
line to be tested, and the vane V is connected to earth. When the 
insulation resistance between the earth and main or line is infinite, 
then no current flows through the resistance R, and the vane V 
registers infinity as shown in the diagram. When current flows 
from E to L, there is a drop of potential due to the current flowing 
through R. The two quadrants A and B are then at different 
potentials, and the vane V registers a new jx)sition on the scale. 

The " Meg(jer.^^ — This instrument also consists of an ohmmeter of 
the moving coil type, combined in one box with a hand generator or 
dynamo to provide current for the tests. When making a test with 
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the " megger " the hand dynamo has to be turned at a rapid rat« — 
from 100 to 120 revolutions per minute (aee Fig. 49). 

In testing circuits of considerable electro-static capacity the full 
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■Diagram of "ohitn'r'' connections. 



speed of 120 revolutions per minute has to be maintained for at least 
A minute before taking a reading. 

In testing insulation between a circuit and earth, the line terminal 



Fio. 49. — The "maggar." 



of the instrument ia connected to the circait, and the eari/t terminal to 
a good earth. For testing between two wires, connect one wire to 
each terminal. 
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Fig. 50 shows the method of connectiDg up the "megger 
testing the insulation of a cable. 
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Lightning Conductors 

When thunder-clouds charged with electricity strike each other 
or some object on the earth, the air is ruptured and breaks down 
under the severe stress produced. The line of fracture or rupture 
shows up clearly by becoming electrically incandescent, and this 
phenomenon is known as lightning. It is a well-known fact that 
electricity takes the nearest and least resistive path to earth. 
Metals are good conductors of electricity, but building materials 
offer more resistance, so that chimney stalks, pinnacles, spires, etc., 
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Fio. 50. — Connections for insulation test. 



should be fitted with a lightning conductor to convey the electricity 
to earth without causing damage. Lightning conductors are gener- 
ally made from copper tapes or ropes. Iron has been used for this 
purpose, but the sectional area required is so much greater, and 
deterioration by rust renders frequent renewals necessary. If the 
conductor is too small in sectional area it may be fused by a 
heavy charge, thus leaving the building or chimney stalk unprotected 
from further shocks. A suitable size of copper tape is } of an 
inch broad by ^ inch thick. When installed on a chimney stalk 
the conductor should be connected to a rod, the end of the 
rod branching into several points. As lightning discharges have 
extremely high pressures, sometimes amounting to millions of volts, 
it is very necessary that the conductor should have a low resistance. 
It is customary to bed a copper plate about 3 feet square in the 
earth, connection being made to the lower end of the conductor. 



TRANSMISSION AND DISTRIBUTION OF POWER 63 

This oiFere a large exhausting surface for the charge to pass to 
earth. The copper conductor band is usually fixed by cleats made 
of the same metal. Care Mhould.be taken to keep the conductor 
at least 4 feet away from pipes and metal work. The steel head- 
gear of a pit is really a conductor in itself, but steel chimneys are 
sometimes fitted with a conductor to ensure the discharge being 
earthed quickly, and not to depend too much upon the riveted 
joints of the steel plates for electrical continuity. Borne authorities 
maintain that the head-gear of ail shafts should be protected by 
lightning conductors. There are cases on record where the sparks 
from atmospheric electricity, led by the wire ropes of the shaft 
and iron rails of the galleries, have caused explosion of fire-damp. 
The electrical discharge caused by 
lightning is practically an alternating 
current with a very high periodicity — 
much higher than that generated in 
practice by alternators. Strong self- 
induction effects are more present with 
high than with low periodicities. If 
the mains are carried overhead for any 
distance it i^i usual to protect each 
line with a lightning arrester before 
entering any building or erection. 

A common form of lightning arrester 
consists of two copper horns ; one is 
connected to the earth plate in the 
ground, the other to the supply feeder. 
The distance between the horns varies 
from O'l to 0"5 of an inch. A copper 
coil consisting of a few turns is con- 
nected to the main line before it enters 

the terminals of any electrical apparatus Fic. 51. — Lightning arrester. 
or machine. The distance between the 

horns is made large enough so as not to allow the electricity from 
the generator to bridge the gap. Should a lightning discharge take 
place, the electricity will not how through the induction coil mentioned 
above, but will bridge across the gap to the other horn and find a ready 
earth. The primary object of the lightning arrester is to prevent 
the current in the mains from foUowing the lightning discharge to 
earth. Fig. 51 shows a form of lightning arrester frequently 
employed at coUieries. 

Systems of Distribution 

In the distribution of electrical energy there are two distinct 
use, namely, the aeries system and the parallel system. 



64 ELECTRICAL EQUIPMENT OF COLLIERIES 

In the Series Systerriy shown diagrammatically in Fig. 52, the 
lamps L form part of one continuous circuit. The current required 
is equal to that consumed by one of the lamps L, but the voltage 
depends upon the number of lamps used. For example, suppose 
we have 20 arc lamps each requiring 5 amperes at 100 volts con- 
nected up in series, the voltage required between the positive and 
negative mains will be 20 x 100 = 2000 volts, while the amperes 
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SERIES SYSTEM. 

Fig. 52. 

required will be only five. Thus in the series system of wiring 
conductors of small section may be employed, as the current to be 
carried is small. This system is, however, now seldom used except 
for arc-lamp lighting. 

Parallel System. — Of this system there are several modifications. 

In the system known as the two-wire parallel system, shown 
in Fig. 53, the lamps L and motors M are connected up across 
the positive ( + ) and negative ( - ) mains coming from the dynamo D. 




PARALLEL SYSTEM. 



Fig. 53. 



In this system the voltage is practically independent of the number 
of lamps and motors in the circuit, but the amperes consumed is 
equal to the sum of the current taken by all the lamps and motors 
in the system. 

From this it will be seen that in the two-wire parallel system 
cables of large section are required, owing to the fact that the 
current increases with the number of lamps and motors installed. 

The two-wire parallel system is very extensively adopted both 
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for direct current and single-phase alternating current. A combina- 
tion of the series and parallel systems is sometimes adopted. For 
instance, with a 400-volt circuit, two lamps, each taking 200 volts, 
could be arranged in series across the mains. 

Three-wire Parallel System. — This system is . a modification 
of the two-wire system. Instead of two mains, there are three 
running parallel to each other. Lamps and motors are connected 
up from each of the outer conductors to the middle wire. In the 
case of motors, however, it is usual to connect up those across 
the two outer mains, with no connection to the middle wire at all, 
in order to maintain more uniform balance in the system. In a 
well-planned system the number of lamps between one outer and 
the mid-wire, and the number between the other outer and the 
mid-wire, should be about equal. Two generators, in series, are 
used in this system. The three-wire parallel system can be used 
with both direct and single-phase alternating currents. Its principal 
advantage, as compared with the two - wire system, is that for a 
given power slightly less copper is required. 

Three-pJwbse System. — In this system three separate mains of 
equal section are required. Less copper is required in the mains 
than in the single-phase or two-phase systems. The windings of 
the generators, motors, etc. may be connected up to the three 
conductors in two different methods. The star or Y connection 
is more commonly adopted, but the mesh or V winding is also 
sometimes employed. 

Sometimes a four-wire system is used with three-phase alternating 
current, but in the four-wire slightly more copper is required in 
the mains. Better regulation, however, is obtained between the 
phases. 

Other Systems of Wiring sometimes adopted are two-phase three- 
wire, two-phase four-wire, and the monocyclic system. 

In the two-phase three-wire system, the lamps are connected 
up in a similar fashion to that mentioned in the three-wire system 
already described. There are, however, four wires coming from 
the generators, two of the wires being connected together before 
the lamps and motors are reached. 

In the two-phase four-wire system the four wires coming from 
the generators form two separate circuits, one for each phase. The 
wiring is practically equivalent to two separate parallel systems 
arranged side by side. 

In the monocyclic system three conductors are used, but the 
main current is carried by two wires only, the third conductor 
being made to act as an auxiliary. 

On this system " induction " motors are used. These are so called 
because the current in the armature is induced by the alternating 
current in the stationary coil, instead of being transmitted into the 

5 
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armature coils through the commutator as in the continuous current 
motor. 

Economy of the High-Tension System 

The principal advantage of the high-tension over the low-tension 
system is that a considerable saving in copper may be eflfected. For 
the same power transmitted a less size of cable may be adopted. 
This advantage, however, is modified to some extent by the fact 
that the higher the tension the more expensive and elaborate must 
be the insulation ; also greater care must be exercised in the control 
of the generator and cables when the high-tension system is adopted. 
Another advantage which can be claimed for the high - tension 
system is that the power can be transmitted for long distances with 
the minimum of loss. When high-pressure current is taken into the 
mines it has usually to be transformed down to a lower voltage, 
and certain losses occur in transforming. 

Hitherto, continuous current has been preferred for colliery 
work, but the much-debatable point as to whether alternating 
current is superior is now practically solved in favour of the polyphase 
system. Its superiority for long distance transmission, and absence 
of sparking in the motors, are advantages which cannot be over- 
estimated. It might be well to state here the definitions of pressure 
as given in the Electric Special Rules. Any voltage up to 250 in 
these rules is deemed low pressure] any voltage between 250 and 
650, medium pressure ; any voltage between 650 and 3000, high 
pressure ; and any voltage above 3000, extra high pressure. 

Colliery Electric Cables 

Electric cables consist sometimes of one wire and sometimes of 
several wires twisted together to form a single conductor. They may 
be used bare, carried on insulatingsupports, or they may be embedded 
in a covering composed of one or more insulating substances. 

Different substances may be employed for conducting an electric 
current through its circuit, those in most general use being copper, 
aluminium, and occasionally iron. 

Of those three, copper, principally by virtue of its higher con- 
ductive power, is by far the most generally adopted. As will be readily 
understood by those who have carefully studied the preceding chapters 
of the present work, the suitability of any substance for conducting 
electricity is largely determined by the resistance which, for a given 
area, it will offer to the passage of the electric current. To cite an 
example which will readily appeal to the student of mining, let 
us for a moment liken the conductor of an electric current to the 
air-passages of a mine. 

The resistance to the flow of air in the underground workings of a 
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mine varies directly as the length of the air-ways through which the 
air has to course, and inversely as the sectional area. For all 
practical purposes the same conditions hold good in connection with 
the flow of the electric current through a conductor; double the 
length of the conductor and you double the resistance, increase the 
sectional area of the conductor to twice its original dimensions and 
you lower the resistance to the passage of electricity to only half of 
what it at first was. 

Again, the resistance to the flow of air in an air- way varies with 
the nature and condition of the ' roads, and in the same way the 
resistance to the passage of an electric current depends upon the 
nature of the conductor through which it is made to flow. 

Silver possesses the highest conductivity of any substance, but, 
on account of its prohibitive price, is never used as an electrical 
conductor. 

Copper comes next in point of conductive power. Aluminium 
has only about five-eighths of the conductivity of copper ; although at 
present prices it about equals copper wire as an electrical conductor. 
Iron wire, which is also sometimes used as an electrical conductor, 
has a very low conductivity, but possesses the advantage of being 
much cheaper than either aluminium or copper. The specific re- 
sistance of any substance is standardised as the resistance due to a 
length of 1 centimetre with a sectional area of 1 square centimetre, 
at the temperature of zero. It is usually expressed in microhms 
when dealing with metallic conductors, and in ohms when speaking 
of liquids. 

The following table gives approximately the relative resistances 
and also the specific gravities of copper, aluminium, and iron : — 





Specific Resistance. 


Specific Gravity 


Copper . 
Aluminium . 
Iron 


. 1-565 
. 2-635 
. 9-068 


8-89 
2-65 
7-80 



The figures given, although they do not perhaps represent the 
precise value of any of the metals, — those values varying somewhat, of 
course, with the different processes adopted in the manufacture of the 
substances, — may be taken to indicate the averarje values in each 
case. 

It will be seen from the table that copper has nearly double the 
current-carrying capacity of aluminium, — the specific resistance of 
the former being little more than half the specific resistance of the 
latter, — and that it has about six times the conductive powder of 
iron. 

In the case of aluminium, however, it should be noticed that 
its specific gravity is only about two-sevenths of the weight of 
copper. 
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This means that, for equal weights, aluminium would have 
( o"«Q^ ^ o^^) ~ ^ ^'^ times the current-carrying capacity of copper ; its 



8-89' 



area, on the other hand, would be (^r^v) = ^'^^ times the area of the 

copper wire of the same weight. 

Again, for equal conductivity, aluminium has only about four- 
sevenths of the tensile strength of copper, and this fact also accentuates 
its unsuitability for certain jDurposes. Iron has, of course, a much 
higher tensile strength than copper, being approximately about one 
and two-third times stronger than the latter in ultimate strength. 

The following table gives the tensile strength, conductivity, specific 
gravity, etc., of various metals used as electrical conductors : — 

Tensile Strength, etc., of Various Electrical Conductors ^ 



Material. 



Conductivity, 

pure soft 

Copper 

= 100. 



Copper, hard drawn . 


97 


8-9 


97 


1 

i 60,000 lbs. 


Aluminium, hard drawn . 


59 


2-7 


194 


■ 28,000 ,, 


Steel wire (for ropes) 


10-5 


7-85 


12 


,140,000 „ 


Galvanised iron wire 


14 


7-7 


16 


1 56,000 ,, 


Aluminium bronze . 


about 50 


3-5 


127 


, 63,000 ,, 


Silicon bronze . 


(?) 97 


8-9 


97 


, 63,000 ,, 

1 



ca ^ ! Conductivity 
'2'> I for Equal 
^1 I Weights. 



Tensile 
Strength. 



Galvanised iron wire is very often used on electrical signalling 
circuits. The current on such circuits being, of course, very small, the 
iron conductor may be used of a sufficient size to give a comparatively 
low resistance, and yet not be too large for convenient handling. 

The price of iron wire is very much less than the price of either 
aluminium or copper, and, in point of cost, for small currents is of 
course very much cheaper. 

Even for large currents the bare iron conductor is considerably 
cheaper than the uninsulated aluminium or copper conductor for an 
equal conductivity. 

When we come to consider the relative advantages of insulated 
conductors of iron, aluminium, or copper, however, the comparison 
assumes a very different aspect. 

For the same conductivity, both iron and aluminium, having to be 
of greater area than copper, the cost of covering the conductor with 
insulating material is higher for the two first-named materials than 
it is for the last-mentioned. Thus, although the price of copper and 

^ Whittaker's Electrical Engineer's Pocket Book. 
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aluminium is about the same for conductors of equal current-carrying 
capacity, the cost of insulating the copper conductor would be so 
much less than the cost of insulating the aluminium conductor, that 
the price for copper cables would ultimately work out at a cheaper 
rate than would the aluminium cable. 

In the case of the iron conductor, the cost of insulation, owing to 
the large size of cable necessary, would be absolutely prohibitive. 

For overhead transmission of power, aluminium bids fair to become 
a formidable rival to the copper cable, as for such work the conductor 
need not be insulated, but may be carried bare on insulating 
supports. 

One noteworthy drawback to the employment of aluminium 
cables for aerial lines is the difficulty of making efficient joints. 
Satisfactory results are, however, now said to be obtained by means 
of the M^Intyre joint, which consists in inserting the two ends to be 
connected into an oval tube of aluminium. This tube is given two 
or three complete twists, and the two ends are then securely clamped. 
Other joints, mechanical, soldered, and electrically welded have also 
been tried with occasional success. 

To find the total resistatice of an electrical conductor of any given 
length or size, the following formula is adopted : — 

Total resistance in\ _ specific resistance x length in centimetres 
microhms / area in square centimetres 

specific resistance x length in feet x 30*4799 
area in square inches x 6*4516 

because there are 30*4799 centimetres in a British lineal foot, and 
6 '451 6 square centimetres in a standard square incL In order to have 
the answer in ohms, the result obtained by either of the above formulae 
would have to be further divided by 1,000,000, because a microhm 

is the 1 xTTriiroTT*^ P^^^ ^^ ^^ ohm. 

The formulae may be simplified to the following : — 

Length in feet x specific resistance x 0*0000047 _ (total resistance 
Area in square inches ( ^^ ohms. 

Copper cables generally consist of a number of strands of wire 
twisted together to form a single conductor. 



Sizes of Cables 

The wires which make up the ordinary copper cable are all drawn 
to a certain legalised standard wire gauge, known by the initials 
S.W.G. Thus any wire of a certain definite sectional area will be found 
to coincide with a certain number in the standard wire gauge. The 
following table will suffice to show how the wires are gradationed, 
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and how each wire is known, not so much by its size, but by the 
number in the S.W.G. with which it is identified : — 



British Standard Wire Gauge 
Single Conductors 



Size. 






Size. 




1 

i 




Diameter. 


Nominal 
Sectional Area. 


— — 


Diameter. 


Nominal 




Sectional Area. 


S.W.G. 




•1963 


i S.W.G. 






7/0 


•500 


' 12 


•104 


•00849 


6/0 


•464 


•1691 


13 


•092- 


•0066 


5/0 


•432 


.1466 


14 


•080 


•005 


4/0 


•400 


•1257 


15 


•072 


•004 








16 


•064 


•0032 


3/0 


•372 


•1087 


•17 


•056 


•0024 


2/0 


•348 


•09511 








1/0 


•324 


•08245 


18 


•048 


•0018 


1 


•300 


•07069 


, 19 


•040 


•00125 


2 


•276 


•05983 


1 20 


•036 


•001 








21 


•032 


•0008 


3 


•252 


•04988 


22 


•028 


•0006 


4 


•232 


•04227 


1 






5 


•212 


•03530 


! 23 


•024 


•0004524 


6 


•192 


•02895 


24 


•022 


•00038 


7 


•176 


•02433 


25 


•020 


•0003142 


8 


•16a 


•02011 


26 


•018 


•0002545 


9 


•144 


•01629 


27 


•0164 


•0002112 • 








28 


•0148 


•000172 


10 


•128 


•01287 


29 


•0136 


•000145 


11 


•116 


•01057 


30 


•0124 


•00012 



From this table it will be seen that No. 1/0 S.W.G. means a copper 
wire 0^324 inch in diameter and 0^08245 square inch in area, that 
a No. 30 wire S.W.G. is 0*0124 inch in diameter, and that all the 
other intermediate sizes are numbered progressively. 

A number of wires twisted together to form a single cable is 
denominated in the standard wire gauge by such numbers as 19/16, 
which means that the cable is composed of 19 wires of No. 16 S.W.G., 
or as 7/10, which means 7 wires of No. 10 S.W.G. The wires are 
twisted into strands of 3, 7, 19, 37, 61, or 91 separate wires. The 
greater the number of wires for a given thickness of strand the 
more flexible is the cable. 

The sectional area of conductor necessary is determined either by 
the safe current density, or by the loss of volts allowable. A current 
density of 1000 amperes per square inch is generally considered 
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safe for estimating upon, but this may be increased or decreased 
according to circumstances. As the sectional area varies inversely to 
the current density, the calculation is easily made. For instance, if a 
1 square inch cable is suitable for 1000 amperes, then a 0*5 square 
inch cable is approximately suitable for 500 amperes ; or a 1 '5 square 
inch cable is approximately suitable for 1500 amperes. 

Again, where a current density of 800 amperes per square inch 
is used, a 1 square inch cable is suitable for 800 amperes ; then a 
0*5 square inch cable is approximately suitable for 400 amperes; or 
a 1*5 square inch cable is approximately suitable for 1200 amperes. 

When it is necessary to estimate the size of cable for a given loss 
of power, the following formulae will give areas : — 

For Continuous and Single-Phase Alternating Currents — 

A . -1 amps. X lead and return in yards 
Area in square inches = — — — ^. 

loss in volts X 40,000 (Constant) 

For Two-Phase Alternating — : 

A • .1 amps. X length (one direction) 
Area in square inches = — ^^ ^ . - 

^ loss in volts -r 2 X 40,000 (Constant) 

For Three-Phase Alternating — 

, . . , amps. X length (one direction) 
Area m square inches = ^ ^ — ^^ . 

^ loss in volts -7- 1 -73 X 40,000 (Constant) 

The above formulae only apply in the case of alternating currents 
up to about 0*4 square inch. Above that there is another slight loss, 
due to what is known as skin effect, which increases with the size 
of cable. 

An alternative method (and one that is more conveniently 
remembered) for approximately calculating the size of three-phase 
conductors is to work out the total section of copper required for 
the same power and loss, on the continuous current two-wire system, 
and to divide this total by three. This gives the sectional area per 
conductor, with a power factor of about O8.1 

Areas of Neutral Conductors or Common Returns are usually 
taken as follows : — Three-wire system : neutral conductor one-half 
to one-third the section of either outer, depending upon balancing 
effect of load. 

Two-phase three wire: common return 1*41 time the section of 
either outer. 

Two-phase four- wire ; all conductors same section. 

Three-phase four- wire neutral conductor: practice varies from 
one-half the area of an outer, to the same section as outer, depending 
upon balancing effect of load (Glover). 

^ Power Factor is a term used in connection with alternating current in 
order to express the etfect of the lagging of the current, which creates a slight 
difference between the true watts and the apparent volt-amperes. 
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Current Density in Cables 

The current density in an insulated copper cable is generally 
limited to the rate of 1000 amperes per square inch, for currents up 
to 200 amperes. For larger currents than 200 amperes, the current 
density permissible decreases to some extent, owing to the increased 
difficulty in large cables of dissipating the heat generated by the 
flowing current. Aluminium cables are limited to a current density 
of from 500 to 600 amperes per square inch. 

A current density of 1000 amperes i)er square inch means that a 
cable must have a sectional area of one square inch in order to carry- 
safely a current of 1000 amperes. The amperes allowable in cables of 
smaller section vary in direct proportion as the size of the conductor. 

As already mentioned, however, in practice the larger the size of 
cable, the lower its rate of conductivity. 

The necessity for i)rescribing a certain maximum current density 
in an electrical conductor arises from the fact that a current of 
electricity in passing through a conductor generates heat, and if the 
heat is excessive the temj)erature may become so great as to injure 
the insulation, or to damage the cable itself by expansion. By 
limiting the current density to a safe maximum these dangers are 
avoided. 

Loss OF Pressure in Cables 

In overcoming the resistance of a conductor a percentage of the 
pressure on a circuit is lost. From Ohm's law we learn that C x R = E, 
where E is the pressure in volts, C the current in amperes, and R 
the resistance in ohms. Now by this rule we may calculate the 
pressure drop in a cable in the following way : — 

Current in amperes x resistance in ohms = volts lost in transmission. 

The pressure drop in a cable thus varies directly as the product 
of the amperes and the ohms, or of C and R in Ohm's law. 

It is independent of the voltage, and therefore as the voltage 
increases the percentage of loss in a cable decreases. For this reason 
it is more economical in respect to the cost of conductors to use a 
current of high voltage and low amperage than one of low voltage 
and high amperage. 

The loss of pressure in a cable is, of course, directly proportional 
to the length, because, as we have already seen, the resistance of 
a conductor increases directly as the length increases. 

To find the loss of energy in watts and in horse-power, the follow- 
ing formulae are used : — 

Drop in volts x amperes = loss in watts. 

ri2p 

^_ ^ = loss of energy in horse-power. 
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For a density of 1000 amperes per square inch, the voltage drop 
in a cable is about 2 J volts per 100 yards, and for a density of 800 
amperes about 2 volts per 100 yards. 

In an actual case noted by the authors, the voltage drop was 
26 volts, with a working pressure of 420 volts at the generator and a 
density of 800 amperes per square inch in the cable. The distance 
from the surface generator to the motor was about 1200 yards. 
After the temperature of the cable, through which a current of 
electricity is flowing, has reached a certain point (60° F. or 15i° C.) 
the volts lost increase by about 4 per cent, for every further rise of 
10" C. or 18° F. 

The following table, prepared from the list of Messrs. W. T. 
Glover & Co., manufacturers of colliery cables, gives details of 
copper-stranded conductors : — 



Details of Copper-Stranded Conductors 



Size. 



3/25 
3/24 
3/23 
3/22 
3/21 

3/20 
3/19 

3/18 

7/25 
7/24 
7/23 
7/22 
7/21i 

7/21 
7/20J 
7/20 
7/19 

7/18 



S.W.G. 



Amperes 
at 1000 

per 

Square 

Inch. 



0-924 
1-118 
1-330 
1-812 
2-366 

2-994 
3-697 
5-323 

2-162 
2-616 
3-114 
4-238 
4-864 

5-535 
5-869 
7-005 
8-649 
12-46 







Nominal 


Dia- 


Dia- 


Sectional 


meter 


meter 


Area, viz., 


of 


of 
Strand. 


Area of 


each 


Solid Wire 


Wire. 


KJ w-*- »*»lv»# 


having same 
Conductivity. 


Ins. 


Inches. 


Sq. Inches. 


•020 


•043 


•000924 


•022 


•047 


-001118 


-024 


-052 


•001330 


•028 


-060 


•001812 


•032 


-069 


•002366 


•036 


•078 


•002994 


•040 


-086 


•003697 


•048 


•103 


•005323 


•020 


•060 


•002162 


•022 


-066 


•002616 


•024 


-072 


•003114 


-028 


-084 


-004238 


-030 


•090 


•004864 


-032 


•096 


•005535 


-033 


-099 


•005869 


-036 


-108 


-007005 


•040 


•120 


•008649 


-048 


•144 


•01246 



Maximum 

Resistance 

at 60^* Fahr. 

1 


Minimum 
Weight. 


Ohms per 


Lbs. per 


1000 Yards. 


lOOOYards. 


26-53 


10-90 


21^93 


13-18 


18-43 


15-69 


13-54 


21 -35 


10-36 


27-88 


8-19 


35-30 


; 6-63 


43-58 


4-61 


62-74 


11-34 


25-35 


1 9-37 


30-66 


7-88 


36-50 


1 5-79 


49-69 


1 5 04 


57-03 


4-43 


64-89 


4-16 


69-00 


1 3-50 


82-13 


: 2-84 


101-4 


1-97 


146-0 
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Details of Copper-Stranded Conduciors — {continued). 



Size. 



S.W.G. 

7/17 
7/16 
7/ -068" 
7/16 
7/14 

7/13 
7/-095" 

7/12 
7/11 
7/10 

7/9 
7/8 
7/6 

19/22 
19/21 
19/20 
19/19 
19/18 

19/17 
19/ -058" 
19/16 
19/15 
19/14 

19/ -082" 

19/13 

19/^101" 

19/12 

19/11 

19/10 

37/20 
37/19 
37/18 
37/17 
37/16 



Amperes 
at 1000 

per 

Square 

Inch. 


Dia- 
meter 

of 
each 
Wire. 


Dia- 
meter 

of 
Strand. 




Ins. 


Inches. 


16-95 


-056 


-168 


22-14 


-064 


-192 


25-00 


-068 


-204 


28-03 


-072 


•216 


34-59 


•080 


-240 


45-75 ' 


•092 


•276 


50-00 


•095 


•285 


58-46 


•104 


-312 


72-75 


•116 


-348 


88-58 


•128 


•384 


112-12 


-144 


•432 


138-40 


•160 


•480 


199-24 


•192 


•576 


11-49 


•028 


•140 


15-00 


•032 


•160 


18-99 


-036 


•180 


23-43 


-040 


•200 


33-76 


•048 


•240 


45-93 


•056 


•280 


50-00 


•058 


•290 


60-00 


-064 


•320 


75-86 


-072 


-360 


93-72 


-080 


•400 


100-00 


-082 


•410 


125-00 


-092 


•460 


150-00 


•101 


•505 


158-26 


•104 


•620 


197-10 


•116 


•580 


239-99 


•128 


•640 


36-95 


•036 


•252 


45-62 


•040 


-280 


65-69 


•048 


-336 


89-39 


-056 


•392 


116-8 


•064 


•448 



Nominal 




Sectional 




Area, viz., 


Maximum 


Area of 


Resistance 


Solid Wire 


at 60" Fahr. 


having same 




Conductivity. 




Sq. Inches. 


Ohms per 
1000 Yards. 


•01695 


1^45 


•02214 


Ml 


-02500 


•9810 


•02803 


•8750 


•03459 


•7088 


-04575 


•5360 


-05000 


•5027 


-05846 


•4195 


•07275 


•3371 


•08858 


•2769 


•11212 


•2188 


•13840 


•1773 


•19924 


•1231 


•01149 


2135 


•01600 


1^636 


•01899 


r292 


•02343 


1-046 


•03376 


-7267 


•04593 


-5339 


•05000 


-4977 


•06000 


•4087 


•07686 


•3130 


•09372 


•2616 


•10000 


•2490 


•12500 


•1978 


•15000 


•1640 


•15826 


•1490 


•19710 


•1244 


•23999 


•1022 


•03695 


•6637 


•04562 


•5376 


•06669 


•3733 


•08939 


•2743 


•11680 


•2100 



Minimum 
Weight. 



Lbs. per 
lOOOYards. 

198-7 

259-5 

293 

328 

406 

636 
572 
686 
853 
1038 

1314 
1622 
2336 

135 

176-4 

223 

276 

397 

640 
680 
706 
893 
1103 

1158 
1468 
1757 
1864 
2319 
2823 

434-9 
537^1 
773-3 

1052-8 

1375 
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Details of Copper- Stranded Conductors — {ayntinued). 











Nominal 








Amperes 


Dia- 


Dia- 
meter 

of 
Strand. 


Sectional 






Size. 


at 1000 
per 


meter 
of 


Area, viz.. 
Area of 


Maximum 
Resistance 


Minimum 
Weight. 

* 




Square 
Inch. 


each 
Wire. 


Solid Wire 
having same 


at 60" Fahr. 










Conductivity. 
Sq. Inches. 




Lbs. per 
1000 Yards. 


S.W.G. 




Ins. 


Inches. 


Ohms per 
1000 Yards. 


37/15 


150-0 


-072 


•504 


•15000 


•1660 


1740 


37/14 


182-4 


-080 


•560 


•18240 


•1344 


2148 


37/ -082" 


200-0 


-082 


•574 


•20000 


•1280 


2257 


37/13 


250-0 


•092 


•644 


•25000 


•1016 


2842 


37/-ior 


300-0 


-101 


-707 


•30000 


•0843 


3424 


37/12 


308-3 


-104 


-728 


•30832 


•0795 


3631 


37/-110" 


350-0 


•110 


-770 


•35000 


•0711 


4062 


37/-118" 


400-0 


•118 


•826 


•40000 


•0618 


4674 


61/18 


108-3 


•048 


•432 


•10828 


•2265 


1275 


61/17 


147-3 


•056 


•504 


•14734 


•1664 


1736 


61/16 


192-5 


•064 


-576 


•19245 


•1274 


2267 


61/15 


243-6 


•072 


•648 


•24360 


•1007 


2870 


61/14 


300-7 


•080 


•720 


•30073 


•0815 


3543 


61/13 


400-0 


•092 


•828 


•40000 


•0617 


4685 


61/-098" 


450-0 


-098 


•882 


•45000 


-0543 


5317 


6i/-ior 


500-0 


•101 


•909 


•50000 


-0512 


5647 


61/12 


508-2 


•104 


•936 


•50820 


•0483 


5987 


61/-108" 


550-0 


•108 


•972 


•55000 


-0447 


6456 


61/-110" 


600-0 


•110 


•990 


•60000 


•0431 


6699 


61/-118" 


650-0 


•118 


1^062 


•65000 


-0375 


7708 


91/14 


448-6 


-080 


•880 


•44859 


-0547 5286 


' 91/13 


600-0 


•092 


1-012 


•60000 


•0421 


6854 


91/-098" 


700-0 


•098 


r078 


•70000 


•0364 ; 7932 i 


91/-101" 


750-0 


•101 


1^111 


•75000 


-0343 


8425 


• 91/12 


800-0 


•104 


1^144 


•80000 


•0323 


8933 


91/-110" 


900-0 


•110 


1^210 


•90000 


-0289 


9993 


91/11 


943-2 


•116 


1^276 


•94322 


•0260 


11117 


91/-118" 


1000-0 


•118 


1^298 


1^000 


•0251 


11500 


i27/-ior 


1000-0 


•101 


1^313 


1^000 


•0246 


11760 
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Insulation of Cables 

Where it is impossible to carry the bare conductors on insulating 
supports with a comfortable degree of safety, it becomes necessary to 
cover the cables throughout their entire length with some protecting 
and insulating material. 

Various materials are used for this puri)ose, the most commonly 
employed being bitumen, pure and vulcanised rubber, specially 
prepared paper, and impregnated jute. 

Material suitable for insulating a cable is usually known by the 
term "di-electric." The strength of a di-electric is measured by the 
resistance which it is capable of offering to the passage of an electric 
current. The thickness of the insulation of a cable must, of course, be 
suited to the voltage that it is required to carry. 

For high- voltage distribution it is usual to allow from j^th to 
oV^h inch per 1000 volts. On a 5000-volt circuit the thickness of 
the insulation would thus require to be about ^ inch — that is to say, 
a concentric circle of insulation, ^ inch deep, would have to be 
placed round the copper conductors. 

Of course much depends upon the di-electric strength of the 
insulating material used, and also upon the size of the conductor. 

The outside diameter of, say, a ^ inch copper cable insulated as 
above would beJ + J + 5 = l inch, plus the usual protective covering, 
such as lead sheathing or braiding. 

For low-voltage distribution the thickness of the insulation is 
slightly decreased. The thickness of the insulation is increased as 
the thickness of the copper cable or conductor increases. For 
instance, the thickness of insulation for a 37/12 cable is just about 
double that for a 7/20 cable, a tension of 500 volts being employed in 
each case. 

Protecting the Insulation 

Cables are generally protected by some covering in addition to 
the insulation. Sometimes they are coated with jute fibre, made 
waterproof, and sometimes wrapped round with steel tape coated with 
some waterproofing compound, and having a covering of jute fibre, 
soaked in tar, braided over. 

For protecting cables in very wet situations, they are frequently 
cased in lead. 

To prevent abrasion, steel wire armouring is also employed, the 
steel wire being wrapped spiral fashion round the cable. Lead 
coverings and wire armouring should always be earthed, and made 
continuous throughout their entire length. 

Some objections to wire armouring are discussed in Chapter 
XIV. 
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Types of Cables used in Collieries 

Tlie types of cables generally used in colleriea are the following ; — 

1. Single cables, for continuoua current. 

2. Twin cables, for continuous current and single-pbase alternat- 
ing current. 



eN COMPOUNO. 



Flii. 6i.— Single -core cable. 
JuTMBftAfOS. 



OMPOUND. 



ric. 55.— Tliife-core cable. 

3. Three-core cables, for three-phase alternating current. 

4. Concentric cables, continuoua current or single-phase. 

Fig. 54 shows a single cable, insulated with impregnated paper, 
and sheathed with bitumen. 
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Fig. 55 shows a, three-core cable, also insulated with paper, 
and sheathed with bitumen. 

The concentric type of cable cannot 
be recommended for QpUiery work, and is 
now very little used. 

The above types of cables are manu- 
factured by Messrs. Glover of Manchester, 
who. have had great experience in the 
laying down of cables in mines. 

A seven-core cable made by the 
Helaby Cable Company is illustrated in 
Fig. 56. This class of cable is some- 
times used in siKnalling and telephone 



SU8FENSI0K OF CABLES IN SHAFTS 

The lowering and fixing of a cable in a shaft calls for very careful 
and cautious dealing, and should never be entrusted to careless or 
inexperienced workmen. Frequently the makers of the cables to be 
installed are also a.sked to underttUce the lowering and fising, and 
the task is generally completed with greater satisfaction to all con- 
cerned than if the management had undertaken the work unaided. 
One of the best methods of lowering the cable is to take the drum 
carrying the cable on the cage, fasten one end of the cable to any 
suitable part of the pithead structure, and then unwind the cable from 
the drum as the cage slowly descends. The cable is cleated at 
suitable intervals down the shaft. By this method there is little 
or no strain put on the cable. 

Sometimes the drum ia fixed at the top, and the cable unwound 
and lowered down the shaft. One of the dangers in this method is 
that, unless very efficient braking ia possible, the weight of the cable 
may become so great as to get beyond control. It is therefore only 
suitable for lowering light cables in shallow shafts, or where the cable 
ia in lengths, in a deep shaft, it may be employed in lowering the top 
length to the first joint-box, but should be well braked, and the cable 
run over a large diameter pulley with grooved face. Another method 
ia to pull the cable from the bottom of the shaft up to the top before 
clamping. Of course in thia method great strain is put on the 
cable, as it has its whole weight to bear till cleated. 

Fixing of Cables in Shafts 
There are various methods in use of fixing cables down the shaft, 
n plan is to fix the cables to the buntons by means of wood 
intervals of 5 to 50 yards. 
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In this method the cable has to bear the strain of its own weight 
between each pair of cleats. It is, however, a simple and inexpensive 
method, and is often adopted. 

Another method is to fix the cables down the whole length of the 
shaft in a spiral or zigzag grooved casing of wood. One method of 
cleating is shown in Fig. 57. 

In wet shafts the cables are sometimes fixed solid in the spiral or 
zigzag casing mentioned above. The. casing and cable are then treated 
with a heavy coating of Stockholm tar, the cover screwed on, and 
a coating of tar given to it also. This method has given very 
satisfactory results under the most trying conditions. 




Fig. 57. — Method of cleating cables to 
shaft girders. 



A somewhat similar method to this was used at the Parton Collieries, 
Whitehaven, the only difference being that the casing carrying the cable 
was not zigzagged, and was filled with bitumen instead of being simply 
tarred. The shaft is very wet, but no leakage has yet occurred. 
Sometimes the cable is suspended from the pithead, with no inter- 
mediate clamp or support whatever. 

Fig. 58 illustrates the method of suspending armoured cables 
from the shaft-top. The wires of the armouring are bent back and 
clamped tightly in a steel hanger. By means of chain slings attached 
to the projections on the hanger the cables are suspended. This 
method, of course, has its limits, owing to the weight of the cable 
being practically unsupported throughout its entire length, save at 
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the top. It should never be employed for any greater depth than, 
aay, 200 yards. 

Another method of supporting cables down the shaft is shown 
in Fig. 59. The cable ia placed in a sheatli or cleat of oak or elm, 
which is glanded together as shown. From the centre glaud the 
cleate are supi>orted by chains carried on hooked rag bolts let into 
the brickwork. 

Jointing of Cables in Shafts 

Where possible, jointing of cables in shafts should be carefully 
avoided. Sometimes, however, it is found impossible to avoid jointing. 



1 deep shafts, where the weight of an unbroken cable would be 

I, and perhaps unmanageable. 
One of the best methods of jointing is the following : — 
A chamber or recess is made in the side of the shaft, and in this 
chamber the joint-box is placed. This method necessitates tinkering 
with the shaft walls, however, which makes it often impracticable. 
Where exposed joints cannot be avoided, care mast be taken to have 
the joint-box suspended in such a way that no strain is put on the 
actual joint. 

Suspension of Cables in Koadways 

Where the cables are to be suspended along the sides of the road, 
they must be hung in such a manner that no damage can be done to 
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them by falk of roof or sides. A good method is to hang the cable 
by means of leather suspenders, as shown in Fig. 60, at intervals of, 
say, from 3 to 10 yards. 




Fig. 59.— Supporting cables in sliart. 



Another plan is to run the cable on roller insulators, as illustrated 
in Fig. 61. 

When the cable is depressed at any point, the rollers torn with 
the travel of the cable in that direction, and there is generally enough 
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slack between the rollers to allow depreasion to take place even to the 
floor of the seam without any atraining of the cable. 

Callender's Cable Clip or Suspender 

This type of cable suspender is designed to meet the requirements 
of the Special Rules for the Installation and Use of Electricity in 
Mines, which say that "cables underground, when suspended, shall 
be suspended by leather or other flexible material in such a manner 
as to allow of their readily breaking away when struck, before the 
cables themselves can be seriously damaged." 



] 



It may readily be seen from the accompanying illustration (Fig. 62) 
that Callender's suspender eminently fulfils the above requirements. 
It forms an efticient support, and at the same time offers a com- 
paratively slight resistance to the breaking away of the cable should 
a fall occur. 

The illustration gives several views of tlie clip. By means of 
the spiked fastening the suspender is readily secured to the roof or 
side timber. 

Joint-Boxes 

Wherever joints have to be made, suitable joint-boxes should be 
uaed. 
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The apace between, the box and the cables should in every case 
be filled solid with diatrine or other suitable insulating material. 




Fig. 62. — Spring clip Tor suapending 



Fio. 03. — Straight-throiigli joint-box, tor single conductor cables. 

Fig, 63 shows a straiglit-through jointbox for single conductor 
cables, made by Messrs. W. T. GloTer. 
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DiacoNNECTiNr; Boxes 

Disconnecting joint-boxes should be used where the current has 
to be conveyed a considerable distance into the workings. By 
employing these, the circuit is split up into sections of, say, \ mile, 
fault-finding is rendered easier, and extensive breakdowns reduced to 



The plan of a three-way disconnecting joint-box for three-core 
cables, made by Messrs. W. T. Glover, is shown in Fig. 64. 

Fig. 65 shows a disconnecting atraight-through joint-box, designed 
by the Callender Company. The cast-iron box surrounding the joint 



is made water-tight and gas-tight, the top cover being bolt«d down 
on a rubber joint, and the glands at the cable ends lead-aealed. 

The terminal connections are carried on a teak base, mounted on 
porcelain supports. The lower half of the box is filled with insulat- 
ing componnd, and the top portion, up to the cover, with oil. The 
armouring of the cables is clamped to the box so as to maintain its 
continuity. 

Solid System ok Troughihg 

Sometimes it is preferred to carry the cables in si)ecial!y pre- 
pared troughtng instead of suspending them at the side of the 
roadway. 

Fig. 66 shows a method of tronghing in which three siogle 
vulcanised bitumen cables are laid solid in a cast-iron trougL 
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Fia. 65. — Disconnecting straight-tlin 



TROUGH 

Fig. 66.— Cables in cast-iro) 
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The cables rest in the grooves of a, specially designed wood-bridge, 
and the trough is filled solid with bitumen. 

Another method is by wood troughing. 

Fig. 67 showa a three-core cable in wood troughing. The wood 
troughs are treated with Stockholm tar as a means of preservation. 
As in the cast-iron troughing, the cables are carried in a wood-bridge, 
and laid in bitumen. The cover of the troughing is of tile. 

Fig. 68 shows the method of jointing the wood trough. The 
above methods of troughing are adopted by the Callender Cable 
Company, 

The Ho ward Asphalt System 

In this system of troughing bridge pieces are dispensed with. The 
cables are laid on the bottom of an asphalt trough, and are then filled 
in solid with bitumen, asphaltic concrete being afterwards poured 



over the whole. The principal advantage of the asphalt trough is 
that it possesses considerable ttexibility, which enables it to move with 
any subsidence of the ground on the surface, or upheaval of the floor 
of a seam underground. It is also impervious to water or acids. 

The solid system is also sometimes adopted for surface mains 
where the power station is situated a considerable distance from the 

In such circumstances, another plan is to run the cable on 
porcelain insulators fixed on wood or metal poles firmly fixed in the 
ground. 

The Simplex System 

It is now generally accepted that one of the best methods of 
supporting and protecting electrical conductors for electric light and 
power distribution is by stout steel or iron tubes, especially in such 
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places as mines and collieries where there is risk of conductors being 
subjected to rough usage and the attacks of moisture. Screwed 
steel tube or conduit is often adopted in such places, the whole system 
being made electrically continuous, and connected to earth. The 
tubes and fittings should be well protected from rust and corrosion 
cither by a thin coating of high-class enamel (such as is employed on 
all Simplex conduits and fittings) or, in extreme cases, by galvanising. 
Important points that should be observed are : — 

1. The selection of the type of conduit. As choice lies only with 
screwed heavy-gauge types, the final selection is limited to three 
grades: "Wireduct" (welded), screwed brazed, and solid drawn. 
The names are descriptive of the nature of the tubes, and of the three 
the latter is to be preferred. It is the highest class of tube, and is 
readily bent cold, thus effecting some saving in accessaries. If cost 
is a consideration, " Wireduct " is the cheapest, but, although of good 
quality, is sold at a price which does not permit of the makers giving 
any guarantee. Screwed brazed is a grade between these two in price 
and quality. 

2. The fittings for use with these conduits will, of course, also be 
screwed; they comprise bends, couplings, tees, and junction boxes; 
the bends used should, wherever possible, be of the " normal " type, so 
as to give as large sweep when drawing through cables as possible. 
If room does not permit of using a large bend, then an inspection 
bend, fitted with a heavy cast sunk cover and made water-tight, will 
be found most satisfactory. In fact, it is advisable to adopt this type 
of cover throughout for all inspection and junction boxes, as they 
permit of making the box water-tight, which is a most desirable 
feature in mining installations. 

It is necessary, of course, that all iron fittings employed for 
electric wiring work should be perfectly smooth inside, and have no 
sharp internal projection or corners likely to damage the braiding of 
the cables, and they should be protected from rust in the same way 
as the conduit. 

Lamp Fittings. — If the water-tight principle is being adopted for 
running the conduits, to make a satisfactory job it is necessary to 
extend the same to the lamp fittings. There are on the market a 
number of patterns of pendants, brackets, etc., of satisfactory design 
for accomplishing this, and they are also strongly made so as to be 
suitable for the rough condition of colliery installations. Switches, 
plugs, cut-outs, etc. are also manufactured in the iron-clad pattern. 

Wiring, — The actual installation of the wires may be carried out 
in two ways: (1) Threading through; (2) drawing through. With 
screwed conduits and fittings the first method should not be adopted, 
owing to the unavoidable twisting of the cables when screwing up. 
The second method is far preferable; the whole of the conduits 
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should as far as possible be connected up and erected, leaving fish 
wires in, and the cable drawn through by means of these afterwards. 
By means of a plentiful use of draw-in boxes in long runs, and other 
convenient inspection openings at plax^es where there are bends in 
the tube, this operation is rendered perfectly easy. GeneraUy speaking, 
about 40 feet in a straight run is the maximum distance which a 
fish wire can be pushed through under ordinary conditions, and 
inspection boxes should not be farther apart than this distance. 



CHAPTEE IV 
PRIME MOVERS 

Introductory : the steam engine — Corliss — Trip gear — High speed — Steam- 
engine indicator— Indicated horse-power — Brake horse-power — Comparisons 
between single, compound, and triple-expansion engines — Transmission 
of power by belting, ropes, etc. — Steam turbines : Parsons, De Laval, 
Curtis, Rateau — Gas and oil engines — Water-power — Single and double 
vortex turbines— Pelton wheel. 

In the economic generation of electricity it is obvious that very much 
must depend upon the economy and efficiency of the prime mover 
adopted for the driving of the dynamo. 

If the motive power lacks in efficiency or economy, it is evident 
that the inefficiency of the dynamo will be greatly accentuated 
thereby. 

To obtain not only satisfactory results, therefore, but also to give 
the modern electric generator a fair opportunity to prove its undoubted 
excellency, it is absolutely essential that the very best type of the 
modern prime mover should be adopted. 

But the question arises, what is the most efficient type of prime 
mover that modern invention and first-class workmanship can place 
at our service 1 

In attempting to answer this query it must be recognised that 
much depends upon the circumstances of the case. 

For example, if water-power is available in sufficient quantities, 
there can be no question as to how the djniamo is to be driven. We 
have at our command a practically inexhaustible source of power 
supply, costing little or nothing, and yielding a never varying and 
always available potential. 

Beyond the initial outlay incurred in the installation of the vortex 
turbine or Pelton wheel, or both, there would be no expenditure 
whatever, and the working expenses so far as the prime mover is 
concerned would be of little account. Where water-power is not 
obtainable, the question as to what is the most economic source of 
power is more difficult to answer. 

Steam power has for long held undisputed possession for colliery 

work in general, as well as in the generation of electric current supply, 

89 
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and although other sources of power, such as gas and oil, are now 
coming into prominence, there is little danger of its falling into disuse 
for many a long year to come. Of the two sources of power, gas and 
oil, the former is perhaps the more formidable rival with which steam 
has to compete. Where the bulk of the output from a colliery is 
converted into coke in coke-ovens, there remains in the gas given off 
an abundant source of power which may very economically be utilised 
for the purpose of power generation and for other uses. 

As an example of the extent to which in some cases this source of 
power can be applied, we would mention the gas-engine power station 
at the Anna Colliery of the Eschweiler Mining Company, near Aix-la- 
Chapelle, in France. ^ At this colliery there are in all 342 Koppers 
coke ovens, and the power station is designed for the production of 
16,000 horse-power from the surplus gas. This is equivalent to 
nearly 50 horse-power per oven. 

Apart altogether, however, from the utilisation of the gas from 
coke-ovens for the driving of suitable engines, it may be mentioned 
that considerable economy may be effected by using the heated gases 
from the coke-ovens to help in the generation of steam. This latter 
use, however, is much less productive of economy than that of using 
the gas for driving an engine direct. 

When all is said and done, it must be admitted that the most 
prolific and satisfactory source of power up to the present available at 
collieries is steam pressure generated at the works. 

The necessary fuel can there be had at its cheapest rate, and if 
the many excellent appliances for the purpose are taken advantage 
of, the most inferior classes of coal may be burnt, and the ste^m 
generated very economically indeed. 

As to the best type of steam-engine to adopt, that is too extensive 
a subject to be adequately discussed here. Suflfice it to say that 
the horizontal long-stroke compound condensing engine is the most 
generally adopted at collieries, while, for the generation of large 
powers, the high-speed vertical engine and the steam turbine are 
probably the most economical and eflficient. 

The following pages we devote to the description of the more 
important types of prime movers adopted in up-to-date colliery 
electrical installations. 

The Corliss Engine 

The main feature of this engine lies in the construction and 
working of the valve gear. There are two separate admission valves, 
and two separate exhaust valves. Motion is transmitted to these 
valves by means of levers fixed to a wrist plate, which in turn 
receives its motion from the eccentric rod. In order that the steam 

^ Trans. Inst M, E.y vol. xxxiii. p. 415. 
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admission valves may be quickly closed, the valve levers are connected 
to springs contained in dashpots. Briefly, the action of the valves is 
as follows : — 

The wrist plate receives an oscillating motion from the eccentric 
rod. The connection between the admission valve levers and the 
connecting rods are by means of spring catches. These catches slip 
and cause the lever to be disconnected, and thus the valve is closed 
by means of the dashpot springs. The slipping of the catch at the 
right period of the stroke is dependent upon the action of the 
governor. The exhaust valves are directly connected to the wrist 
plate, and receive the same turning movement every time. 

The advantages claimed for this form of valve gear are as 
follows : — 

1. The valves being placed near to the cylinder ends, the 
admission and exhaust passages are short, and the clearance volume 
and surface is much less than in the ordinary type of engine. 

2. In the horizontal type of engine the condensed steam in the 
form of water is taken away by the exhaust valves, which are placed 
at the bottom end of the cylinder; so the draining is done by 
natural means. The steam admission valves are placed on top end 
of cylinder. 

3. The points of admission, cut off, release, and compression 
may be adjusted independently of each other. 

4. Unlike the ordinary slide valve, the supply of steam is cut 
off instantly by the quick turning movement of the steam valve on 
closing. 

5. As the exhaust steam is kept separate from the live steam, a 
reduction in condensation results. 

The average speed of these engines varies from 130 to 240 revolu- 
tions per minute. 

An example of the jjerformance of a pair of compound Corliss 
engines, horizontal type, is given below. ^ 



Diameter of piston, high pressure 
,, ,, low pressure 

Diameter of piston rods . 

Stroke 

Clearance of high-pressure cylinder . 
,, low-pressure cylinder . 

Diameter of air pump 

Stroke of air pump .... 

Diameter of air pump rod 

Diameter of main steam pipe . 

Flywheel diameter, grooved to receive 30 ropes 

Volume of receiver between high - pressure 
exhaust valves and low-pressure admission 
valves ....... 



80 inches. 
56 „ 

6 „ 

5 feet. 

4 per cent. 

5 „ 

2.5 i inches. 
20 

34 
12 

26 






» J 



117*12 cubic feet. 



^ Ripper's Steam. 
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Boiler pressure 112 lbs. 

Piston speed 606 ft. per minute. 

Total indicated horse-power .... 882*2. 
Dry steam per I. H. P. per hour . 14*42 lbs. 

Dry coal per I.H.P. per hour . . 1*74 lbs. 



Trip Gear Engine 

Fig. 69 shows sectional drawings of cylinder and valves of a trip 
gear engine made by Messrs. Marshall, Gainsborough. The gear 
consists of equilibrium double-beat valves A and exhaust valves N, 
one for each end of the cylinder, with suitable operating mechanism 
driven from the lay shaft M, which is geared to the engine crank- 
shaft by mitre wheels. The steam admission valves are lifted 
alternately by levers B, which are depressed at their outer end by 
the bell crank levers C. Motion is given to the bell cranks by 
eccentrics E, which reciprocate the side links D, carrying the bell 
cranks on pivots. A stop is provided so that the bell crank, which 
is counterweighed by its inner arm, occupies the correct position 
for engaging with the lifting lever B. The amount of engagement 
is constant, and the period of engagement is determined by the 
governor, which is connected to the shaft J. This shaft carries the 
eccentrics H, which vary the position of the trip pads G. The 
travel of the eccentric E brings the inner arms F of the bell crank 
levers C into contact with the trip pads G, and the further movement 
compels disengagement between lifting levers B and bell cranks C. 
Immediately disengagement is complete the valves close smartly 
and quickly under the influence of helical springs and the air cushion 
in the spring boxes L. Air valves K regulate the actual closing 
speed, and prevent undue pounding and wear between the valves 
and seats. The operation of the exhaust valves is effected by 
eccentrics on the lay shaft. The lower end of the exhaust eccentric 
rod is connected to lever O pivoted at P. The lever Q pivoted at 
R is extended past valve spindles, and rests on circular bosses of lever 
O when the valve is seated. The valve spindle is extended below 
the lever attachment, and connected to a spring S, which ensures the 
connection between the upper side of lever Q and pad T, and preserves 
a perfectly regular and silent motion. The upper side of lever O is 
curved to accelerate the rate of valve opening and give a free exhaust. 
The indicator diagrams (Figs. 69a and 69b) shown were taken from a 
coupled compound non-condensing engine made by Marshall. 

High-Speed Engines 

By the use of high-speed engines the generator may be 
coupled direct. This is an advantage over the slow-speed engine, 






®^ 
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where the power from the engine to the generator is transmitted by 
means of belting, ropes, or gearing. In addition to the compactness 
of the high-speed engine, it also requires less expensive foundations. 
These engines are made compound and triple expansion, and in sizes 
from 50 B.H.P. to 800 B.H.P., at 400 to 700 revolutions per 
minute. One of the best types of high-speed engines is the " Bellis," 
and it is extensively used for electric generation. The special 
feature of this engine is the arrangement of the slide valves, which 
require only one eccentric and rod. Fig. 70 shows sectional draw- 
ings of the Bellis engine. The lubricant is forced under pressure 




A *■*■ 



HIGH PRESSURE DIAGRAM 

Fig. 69a. 




LOW PRESSURE DIAGRAM 
Fig. 69b. 



of 10 to 20 lbs. i3er sq. inch to the moving parts of the engine, and 
the film of oil between the working parts prevents them from making 
actual contact. 



Steam-Engine Indicator 

This instrument is used for showing the behaviour of the steam 
in the cylinder, to find the mean effective pressure exerted on the 
piston by the steam, to ascertain whether the valves are set correctly, 
and to determine the dryness of the steam, also the degree of expan- 
sion, extent of back pressure, loss by wire drawing, etc. 

Description of the Indicator,— ^hevQ are many different types in 
use at present, but the governing principle is the same in each. 
It consists of a piston working freely in a small steam cylinder; 
a spiral spring of definite strength is fixed to the piston at one 
end, and to the cover of the cylinder at the other end. This 
spring regulates the movement of the piston according to the 
steam pressure exerted upon it. Different springs are used for differ- 
ent pressures. When tested by the manufacturers they are stamped 
with a fraction, say, y^xj-; this means that the piston will rise a 
y^iyth part of an inch for every pound of steam pressure per 
square inch on the piston. A brass wire pencil is carried by a 
link parallel motion from the top of the piston rod. This motion 
reproduces the vertical movement of the piston, but it is increased 
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in magnitude four, five, or six times on the indicator card, which is 
wound around a drum. This drum receives a backward and forward 
rotation on its axis by means of a cord attached to a reducing gear 
fixed on the crosshead. A spring inside this drum keeps the cord 
always in a state of tension. By the combined vertical and horizontal 
movement of the indicator card, the figures described by the brass 
pencil when it is placed against the card are that of two closed 
diagrams representing the effective work done by the steam on the 
piston during both strokes. See Figs. 69a and 69b. 

The mean effective pressure may be found from these diagrams 
by dividing up into ordinates, or by the use of a planimeter. First 
get the average pressure during the stroke, then multiply by the scale 
of the spring used in the indicator. 

Then where P — mean effective pressure in lbs. per square inch, 

L = length of stroke in feet or distance travelled by 
the piston from one end of the cylinder to the 
other, 
A = effective area of piston in square inches, 
N = number of revolutions per minute for single act- 
ing engine, 
„ = number of revolutions per minute for double act- 
ing engine, 
„ = number of impulses per minute for gas engines, 

mi. T XT r» P.L.A.N. Units of work done per minute 
Then I.H.P. = -^TTrrrprTr- = Tiir-^:^^ — • 

33,000 33,000 

The indicated horse-power (I.H.P.) represents the work done by 
the steam in the engine cylinder as found by using the indicator. 

Example 1. Find the I.H.P. of a steam-engine. Diameter of 
cylinder, 15 inches; length of stroke, 18 inches; number of revolu- 
tions per minute, 100. Mean effective pressure on piston = 50 lbs. per 
square inch. 

Then LH.P. = ^'^'t.^' 

33,000 

_ (50xl5xl5x0-78 54)lbs. X ( 1-6 x 100 x 2)ft .permin. 

' 33,000 

Brake horse-power represents the power available for doing 
useful work, after deducting the power absorbed by the engine 
in driving itself. The B.H.P. is measured by means of a brake 
dynamometer when the engine is not too large. Briefly, the 
apparatus consists of a rope or ropes coiled once round the circum- 
ference of the flywheel, and one end fastened to a spring balance 
fixed above flywheel. The other end of the rope hangs down, and 
is loaded with weights. 
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Where r = the radius of flywheel in feet, 

N = number of revolutions per minute, 
W = weight hung on bottom end of rope, 
R = reading in pounds on spring balance at top end of 
rope, 

ThenB.H.R = ^-^^(^-^) 

33,000 

7r = 3*1416 or -^ (approx.) 



and mechanical efl&ciency of engine -= 



B.H.P. 
LH.P. 



Mr. W. H. Weightman gives the following comparisons between 
single, compound, and triple-expansion engines. 





Single 


Compound 


Triple-Expansion 




Cylinder. 


Cylinders. 


Cylinders. 


Diameter of cylinders in 














inches 


60 


33 


61 


28 


46 


61 


Area ratios . 


• • • 


1 


3-416 


1 


270 


4-740 


Expansions . 


20 


5 


4 


2-744 


2-714 


2-714 


Initial steam pressures 














— absolute pounds . 


165 


165 


33 


105 


60-8 


22-4 


Mean effective pressures 














— pounds . 


32-96 


86-11 


19-68 


121-44 


44-75 


16-49 


Steam temperatures into 














cylinders . 


366" 


366" 


259°-9 


366" 


293" -5 


234°-l 


Steam temperatures out 














of cylinders 


184° -2 


259"-9 


184"-2 


293" -5 


234°-l 


184" -2 


Difference in tempera- 














tures 


ISl^'S 


106^-1 


175"-7 


72" -5 


59"-4 


49"-9 


Horse power developed. 


800 


399 


403 


269 


268 


264 


Speed of piston . 


3-22 


290 


290 


238 


238 


238 


Total initial pressures 














on pistons — pounds . 


455-218 


112-900 


84-752 


64-162 


63-817 


53-773 



Power of Engine for Direct-coupled Dynamo {Dawson). — To find 
the approximate power of engine to drive dynamo of given kilowatt 
capacity, add one third and then 10 per cent. Example : dynamo, 
150 kilowatts. 



I.H.P. of direct connecting steam engine 

= 150 + l^ + -^(l50 + ^) = 200 + 20 = 220I.H.P. 

o 100 V 3 / 



Steam Consumption per Horse-power {Dawson). — The average 
total w^ater consumption in existing steam-engines may be taken as 

7 
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40 lbs. per indicated horse-power in non-condensing engines, 30 lbs. 
in condensing engines, and 22 lbs. in compound engines. In the 
absence of specific information it is not safe in practice to allo\«r 
for a less consumption than the foregoing, although the following 
results are frequently attained with first-class designs : — 

Non-condensing engines, 25 lbs. per indicated horse-power per honr. 
Condensing engines, 18 ,, ,, ,, 

Compound engines, 16 ,, ,, „ 

Ti'iple-expansion engines, 13^ ,, ,, „ 

Better results even than these have been obtained. 

Coed Consiimption per Horse-power {Dawson), — A good result 
with a non-condensing engine is 3 lbs. of coal per indicated horse- 
power per hour, and with a condensing engine 2 lbs. First-class 
compound engines give considerably under 2 lbs., ranging from 1*75 
to 1*5 lb., while triple-expansion engines range from 1*5 lb. to 
1*25 lb. Compound non-condensing engines of only 20 indicated 
horse-power have, however, given as low as 1 '8 lb. per indicated horse- 
power per hour. 

Transmission of Power by Belting, Ropes, etc. 

The transmitter of power between the engine and generator, if 
not coupled direct, may be a belt of leather, or hemp and cotton 
ropes. In the event of a breakdown with the belt drive, the whole 
plant must be shut down, but, where driving ropes are used, one 
rope breaking does not affect the driving power very much. 

There are some points to be observed in the transmission of 
power, and these are : — 

For Belting, — A much better effect is given by having the belt 
lying horizontally and a fair length of drive, than vertical short 
belts. A long belt working horizontally increases the grip by its 
own weight. If the distance between the pulleys be too great, the 
weight of the belting will produce a heavy sag, and this causes 
pressure to be exerted on the bearings, thus causing friction. An 
unsteady motion is also the outcome of having the belt too long. 
When two pulleys of diameters greatly differing from one another re- 
quire to be connected, care should be taken to see that they are placed 
a reasonable distance apart, else the angle of contact on the smaUer 
pulley will be so small as to render the belt liable to slip. The 
hair side of the belt should be run against the pulley, as greater 
friction is obtained. When slipping occurs, cut out 1 inch for every 
10 feet, or increase area of contact with pulleys by using wider belt. 
When a belt chases or flaps, use heavier belting. 

For Ropes, — Circumference of pulley should not be less than 
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thirty times the circumference of rope. The distance between the 
two pulleys should be from 30 to 60 feet. The ropes must not 
rest on the bottom of the groove, which is generally V-shaped. 
Working tension of the rope, from 110 to 120 lbs. per square inch of 
its section. 

The length of a splice or join should be about fifteen times the 
circumference of the rope. The velocity of the rope is from 3000 to 
6000 feet per minute. Ropes, 5 J to 6^ inches circumference, or 
4 J inches for small powers. According to Durie, the formula for 
hemp rope gearing is as follows : — 

Where V = velocity of rope in feet per minute, 
N = number of ropes, 
C = circumference of rope in inches, 
P =^ indicated horse- power. 

p_ C2V(N-I) 
4000 

r. n/4000 P 

V(N - 1) 

This formula is adopted upon the supposition that the number of 
ropes is one in excess of the actual number required, so as to provide 
for changing and repairs. In some cases, ropes have run for over 
ten years, but the average life of a rope is from three to six years. 

Steam Turbines 

Steam turbines are now recognised to be a commercial and 
mechanical success. In the larger sizes they are said to compare 
favourably with -the best makes of reciprocating engine, having the 
advantage of applying a perfectly uniform turning movement to the 
driving shaft or spindle. The absence of vibration, small floor space 
required, small quantity of oil used, and the high vacuum attainable, 
give the steam turbine an advantage over the reciprocating engine, but 
the makers of reciprocating engines have during the past few years so 
perfected their engines that it is an undecided point whether the 
steam turbine is more economical in steam consumpt than a first- 
class compound condensing engine with Corliss gear. 

The principle of the steam turbine is simple ; Hero of Alexandria 
demonstrated this principle more than two thousand years ago. He 
used a boiler, two pipes from which led by means of right-angle bends 
into a hollow globe, the globe being free to revolve. Two L-shaped 
pipes or nozzles project from the sides diametrically opposite. On the 
application of heat to the boiler, steam enters the globe through the 
uprights and pivots, and escaping by the two L-shaped pipes causes 
the globe to revolve. The steam turbine is a rotary engine, no 
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reciprocating parts are used, and the speed is practically unlimited. 
The four principal types of steam turbines are : Parsons, De Laval, 
Curtis, and Rateau. 

Parsons^ Steam Turbine. — One of the most successful forms of 
steam turbines is that of Messrs. C. A. Parsons & Co., Newcastle. It 
consists of a cylindrical casing with projecting blades fixed to the 
inside of the casing. A concentric shaft having projecting blades 
revolves within the casing. The rings of blades in the casing nearly 
touch the shaft, and the rings of blades on the shaft nearly touch 
the casing, and lie between those on the casing. Fig. 71 shows the 
form of blades used. 

The steam, on entering, passes through the turbine in an axial 
direction, and is exhausted at the exhaust chamber to the atmosphere 
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Fig. 71. — Blades in Parsons' turbine. 



or condenser. After passing through a ring of fixed guide blades, 
the steam is projected in a rotational direction upon the succeeding 
ring of moving blades, and the reaction thus caused increases the 
rotational force or energy. This operation goes on through the suc- 
cessive rings of fixed and moving blades. The energy required to 
give the steam its high rotational velocity at each set of rings is 
obtained by the drop in pressure of the steam causing it to expand in 
small increments. Each set of rings has greater area in its passages 
than the preceding set ; this is obtained by increasing the diameter 
of the rings. At the left end of the spindle are grooved pistons, or 
" dummies," which are made to fit into corresponding grooves in the 
cylinder. The object of these pistons or " dummies " is to prevent 
"end thrust," by setting up equal and opposite axial forces. These 
pistons also act as a practically steam-tight joint, since the clearance 
between the grooves may be adjusted longitudinally by a thrust block. 
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The bearinga are of the tubular oil cushioning type. Oil is pumped 
into the bearing under a pressure of from 3 to 5 Iba. per square inch. 
The oil pump is driven by worm gearing from the turbine shaft. 
The governing of the turbine is accomplished as follows : — 

The admission of the steam is by a series of gusts, or " blows," 
caused by the periodic opening and shutting of a double-beat valve. 



Flc. 73. — De Laval stcaiu tui bine, eliowing wheel and nojzies. 

A governor operates this valve by means of a steam relay. The 
governor receives its motion from the turbine shaft. The lever to 
the steam relay is moved up and down by means of an eccentric, 
which also receives its motion from the turbine shaft. This up and 
down motion regulates the periods of admission of .nteam ta the 
turbine. The speed of the turbine varies from 700 to 6000 revolutions 
per minute, depending upon the horse-power of the machine. Flexible 
couplings are generally used when coupling direct to g 
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When engines are running non-condensing, an exhaust steam 
turbine may be installed with advantage. 

Fig. 72 shows a sectional elevation of Parsons' steam turbine. 

De, Laval Steam TWiine. — This type of turbine was introduced 
by Dr. De Laval about 1889. Little or no deviation has taken 
place from the original design. It has been used successfully for 
powers up to 500 H.P. The steam is blown from stationary nozzles 
with a velocity of from 3000 to 4000 feet per second against the 
vanes or blades of a revolving single turbine wheel. The st«am 
passing through the vanes delivers up most of its energy to the wheel 
(see Fig. 73), and then flows at a much reduced velocity into an ejector 
condenser. As the successful working of .this turbine depends upon 
the kinetic energy of the steam, it will be seen how important it is to 



Fig. 74. — Shutting- off valve and nozzle for De Laval ateam turbine. 

have the steam enter the vanes at as high a speed as possible. Conical 
nozzles are used in order to expand the steam before entering the wheel. 
The expansion of steam in a nozzle from 280 lbs. pressure above 
atmosphere, down to a vacuum of 28 inches,' enables the steam to 
leave the nozzle with a velocity equal to 4229 feet per second. The 
regulation of the steam supply is made by completely shutting off one 
or more of the nozzles (Fig. 74), leaving the others wide open, instead 
of throttling each nozzle independently. The nozzles arc fitted close to 
the vanes of the wheel, the clearance space being about yVth of an inch, 
and at an angle of 20 degrees with the plane of the wheel. The wheel 
itself is composed of a solid disc, the vanes being dovetailed in on the 
circumference. The wheel is keyed upon the turbine spindle, and 
supported at each end by bearings. It has been found impossible to 
perfectly balance a wheel revolving at so high a speed. This difii- 
culty of vibration has been overcome by the use of a flexible spindle 
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and self -aligning bearing; by this means the wheel can revolve about 
its own centre of weight. The diameter of this flexible shaft is very 
small — in the case of a 300 H.P. turbine being only l^^ inch 
diameter. The excessively high speed of the turbine wheel is geared 
down to one suitable for dynamo driving. A pinion is mounted oii 
the outer end of the spindle, and gears injo a machine-cut double 
helical wheel, which reduces the speed ratio from 10 to 1, thus the 
driving shaft or pulley runs at one-tenth of the speed of the turbine 
spindle. A De Laval turbine of 5 H.P. has a wheel diameter of 
4 inches, with a peripheral speed of 515 feet per second; revolutions 
of wheel, about 30,000 per minute. Before the steam enters 
the steam space on its way to the nozzles it is regulated by the 
action of a centrifugal governor upon a double-seated valve, which is 
connected by link motion to the governor. The governor is fixed in 
a horizontal position on the end of the gearing shaft. An oil tank 
is fixed above the turbine, and supplies oil to all the bearings. The 
oil used should be light mineral oil — heavy oils carbonise and oxidise 
with the heat. After the oil has done its work it is collected in 
reservoirs below, and when filtered may be used again. With a 
decrease of steam pressure in the casing of the turbine, due to reduced 
loss by what is termed " fluid friction " between the revolving turbine 
wheel and the low-pressure steam surrounding the wheel, the efficiency 
of the turbine increases. It will, therefore, be seen that, for efficient 
working, condensers must be used. The "ejector" system of con- 
densation has much to recommend it, being cheap and simple. No 
air pump is required. A suitable head of water, say, 20 or 30 feet 
above the level of the turbine, descending passes through a jet arrange- 
ment and is broken up when it meets the exhaust steam, thereby 
condensing it. The water of condensation flows into a tank in 
which the tail pipe is below the surface of the water, thus creating 
a vacuum, and therefore increasing the efficiency of the turbine. 
Other forms of condensers, such as jet and surface types, may be 
used. Fig. 75 shows a De Laval steam turbine installation. 

The Curtis Steam Turbine. — This turbine consists of a number 
of wheels through which the steam passes, each wheel constituting 
a "stage" or "expansion." The steam is admitted with a high 
velocity through nozzles, as in the De Laval type. By using more 
than one turbine wheel a high thermal efficiency, due to the exhaust 
steam being at a low velocity, is obtained. Wheels to the extent 
of two, three, four, and six in number have been used. The wheels 
are separated from one another by a stationary plate or diaphragm, 
each diaphragm containing nozzles. Stationary guide blades in the 
form of a ring are fixed to the outside cylinder. These blades guide 
the steam into the revolving wheels. Briefly, the process consists 
first of the steam expanding through the nozzles, and, meeting the 
first wheel, delivers up a portion of its velocity by impulse. This 
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operation is reiieated through two or more " stages " or "exi)ansions" 
by meeting with other wheels, until the steam, aft«r leaving the last 
■wheel, haa lost all its available energy. The circumferential velocity 
depends ajwn the degree of eximnsion and the number of "stages" 
or "expansions" through which the steam passes. Many "stages" 
means lower circumferential speed. In design this turbine differs 
from the Parsons or De Laval type, the rotating parts lying in 
a horizontal place, the shaft being vertical. The Curtis turbine 
is fitted with an electric generator to the top part of the turbine, 
and a condenser occupying a lower tier. The complete machine, 
dynamo, turbine, and condenser, standing on one base, economises 
floor space, which may be an item of im])ortance Jn a small engine 
room. The rotational speed of a 2000 K.W. Curtis turbine is 



Fio. 75.— De Laval steam turbine installation. 

1000 revolutions per minute. Governing by admission valve ia 
effected by closing successive nozzloM, which admit steam to the 
first wheel or " stage," The whole weight of the moving |>arta 
is carried by a footstep bearing consisting of two semicircular pads, 
one rotating with the shaft, the other fixed to the casing. Water 
at a pressure of 400 lbs. per square inch is forced by a pump through 
a hole in the stationary bearing, and forms a thin film between the 
two pads ; the water also lubricates the guide bearing immediately 
above the pads. 

The Kateaa Steam, Turbine.— Tias turbine is a horizontal multi- 
cellular machine of the impulse typo, each turbine consisting of 
a number of sections, each section comprising one stationary and 
one moving wheel. The discs of the moving wheels are made of 
steel, and nickel-steel fixed vanes are fitted round the periphery of 
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the discs. Each moving wheel revolves between circular diaphragms 
with diatributing vanes. Between two adjoining diaphragms there 
is a apace in which the moving wheel revolves. Starting at the 
first diaphragm through which the steam passes, the distributing 
vaoea are placed only oq a part of the circumference, so that the 
steam is partially injected to begin with, and the velocity is taken 
fuller advantage of. The succeeding distributers are set with an 
angular advance on the preceding ones (see Fig, 76), The angle 
of advance is so arranged that the steam leaving one moving whe«I 
enters into the next distributer and alwaya finds a passage, so that 
there ia little shock or loss of kinetic energy. The last distributer 
in the turbine has vanes set ui>on the whole circumference of the 
diaphragm. 



Flo, 76.— Distributing vanes, Ratean steam turbine. 

Gas-Enoinbs 

When a new installation is being planned, the question naturally 
arises as to whether gas- or steam-engines are to be used as prime 
movers. The decision arrived at depends upon the enterprise of the 
firm, and the existing conditions at the pit oi mine. If the coal 
mined is of the coking kind, then there arises little doubt as to which 
is the more economical source of power. The oven gas may he 
utilised in gas-engines. Of course, the power may be obtained by 
means of coke-oven gas -fired steam boilers, but this is a roundabout 
way to secure that which may be obtained by using the gas direct 
in the engine. Not a few engineers are prejudiced against large 
gas-engines, but this prejudice is being rapidly broken down. At 
first it was thought that gas would be unsuccessful in driving 
alternators, but later practice has shown that this is wrong, and 
alternating current stations driven by gas-engines work successfully, 
and the question of periodicity and running in step with alternating 
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current machines in parallel is now solved. Fig. 77 shows a 
150 H.P. Premier gas-engine. It is called "positive scavenger 
type " because the products of combustion, which are usually allowed 
to remain in the clearance space behind the piston in an ordinary 
gas-engine, are swept out by a charge of air forced through the 
clearance space in a positive manner. It will thus be seen that 
the incoming charge of gas and air is not contaminated and heated 
by burnt gases, but mixes with pure and cool air, which supports 
combustion. It is therefore possible to use weak and poor gas, 
such as is given off in large quantities from blast furnaces. It 
is also specially adapted for the use of rich gases, such as coke- 
oven gas, oil gas, etc. In large engines the ignition is usually 
electrical, low tension with external current, or high tension and 
magneto type. The starting arrangement consists of a pump which 
forces a charge of air and gas into the cylinder, ignition taking j)lace 
by means of the electric spark. Another method has been adopted, 
which admits compressed air into the cylinder at the right period 
of the cycle. A high-speed spring-loaded governor operates the 
gas valve, and varies the quantity of gas admitted. 

The Diesel Oil-Engine 

This engine works on the Otto cycle or " four-stroke " principle. 
The first stroke, which is in an outward direction, draws air into the 
cylinder. The return or' upward stroke compresses this air to about 
500 lbs. into a small clearance space at the cylinder top. By 
compressing the air the temperature is raised to about 1000" F., 
which is a sufficient heat to ignite the spray of oil fuel injected 
into it by a jet of air at about 750 to 800 lbs. per square inch. 
The oil is stored and supplied by a steel reservoir, which is auto- 
matically kept charged with air by a compression pump. The spray 
of oil fuel atomises the air, and burns steadily as long as it is injected 
into the cylinder, so that the oil is burned during every working 
stroke of the engine. A highly sensitive governor controls the pump 
which regulates the supply of oil fuel. The products of combustion 
are exhausted through the exhaust valve, which opens at the end 
of the working stroke and remains open during the next " in " stroke. 
The Diesel engine differs from all internal combustion engines in 
the following respects : — 

1. Air only is compressed. No explosive mixture is drawn into 
the cylinder. The compression of the air raises a temperature of 
heat sufficient to ignite and support the combustion of the hydro- 
carbon oil fuel. 

2. The air drawn in is always constant in volume, and sufficient 
to burn the maximum supply of oil required at full load. 

3. The admission of air takes place at or near the dead centre, 
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and automatically ignites and burns during a greater or less pro- 
portion of the following working stroke. 

4. The heat is not suddenly generated by explosion, so that high 
temperature and shocks are avoided. 

The difference between an "explosion" engine and the Diesel 
engine is that when hydro-carbon and air combined is ignited the 
entire mass is suddenly raised in pressure and temperature, so that 
the heat generated is therefore all added to the mass immediately 
before it has time to expand. This we call an explosion. On the 
other hand, as we have already explained, air is drawn into the 
cylinder of the Diesel engine, compressed, its temperature being 
raised in the process of compression, oil fuel is then injected gradually 
in a spray during a greater or less part of the working stroke, 
meanwhile the compressed air is expanding at constant pressure. 
The combustion gradually obtained is the chief point in the Diesel 
cycle, and herein is the marked difference between the Diesel and 
other internal combustion engines. Fig. 78 shows a central generat- 
ing station in w^hich Diesel oil-engines are employed. 



Water-Power — Prime Movers 

The power of falling water is recognised to be the cheapest and 
most efficient source of power yet known. The first cost and upkeep 
of the turbine is small when compared with other prime movers. 
A water turbine is the most efficient engine, giving back from 70 
to 80 per cent, in useful work of the energy supplied. Water 
turbines are constructed for any head of water. For falls above 
100 feet Pelton wheels are found to be very suitable. If there 
is any water-power available about a mine or colliery the question 
arises — How can it best be utilised 1 This depends largely upon the 
head of water, or distance through which it falls, and the quantity 
available. 

The Double Vortex Turbine. — The water enters at the top of the 
casing, and is guided by four blades to the outside circumference 
of the turbine wheel, and causes it to rotate. The velocity is 
dependent upon the height of the fall. After the water expends 
its energy in giving motion to the wheel it is discharged through 
two exhaust pipes fitted to the centre of the casing. The angle 
of the guide blades may be altered by turning the hand wheel 
shown in the right of the illustration. Fig. 79. The opening to 
the wheel may be diminished or increased, depending upon the 
quantity of water at hand. 

The Single Vortex Turbine. — This turbine is practically similar 
in construction to the double vortex turbine, with the exception 
that the shaft is vertical, and the water is discharged from one side • 
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of the casing only. This turbine works with a fall of 4-5 feet, and 
uses 8,500 cubic feet of water per minute. 

Fig. 80 shows how water-[JOwer may be employed for operating 
electrical machinery. 



Fro. 70.— Double vortex mater turbine. 

The Pelton WheeL^Ths principle of the Pelton wheel may be 
gathered from Fig. 81. The wheel ia contained in the casing, and 
BUpporled by means of a shaft in gun-metal bearings fixed to each 
aide of the casing. The nozzle, which is shown in the drawing, fits 
into the oval hole in the casing. The water supply is directed 
through the nozzle, and the jet impinges centrally on the buckets 
of the wheel, divides and circles round, giving up its momentum to the 
wheel, and is then discharged at the bottom of the casing. The shape 
of the bucket is such that the maximum amount of momentum is 
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abstracted from the water. The efficiency of this wheel is very high, 
and but for the imperfect action of the water reaching the buckets, 
due to their different inclinations caused by the revolving wheel, and 




f^9d Uod 

/o/ 



-^ 




jii 




^ 



<v, 



r 






h. 






If 



I 



iiiirr> 



Half Sectional Elevatiun. Half Sectional End View, 

Fig. 81.— Pelton wheel. 

one bucket interfering with the supply of the other, the efficiency 
would be over 98 per cent. The Pelton wheel shown in the 
drawing was designed by one of the authors for charging electric 
accumulators. 
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CHAPTEK V 
LIGHTING BY ELECTRICITY 

Advantages and disadvantages — Arc lamps (open and enclosed) — The mechanism 
of an arc lamp — Alternating current arc lamps — Choking coils — Economy 
coils — The Excello flame arc lamp — Incandescent lamps — The filament — 
Efficiency and illuminating power — The Nernst lamp — The Osmium lamp 
— The Tantalum lamp. 

Electric Lighting at Collieries 

Numerous and important advantages may be claimed for electric 
lighting as an invaluable aid to the safer and more efficient working 
of colliery operations, both above and below ground. 

In underground operations, previous to the introduction of electric 
lighting, the invariable source of illumination in positions where 
extra light — beyond the faint gleams provided by the private lamps 
of the miners — was desirable, was large hanging or fixed lamps 
burning paraffin ; and such being unsafe in mines, even the least fiery, 
were substituted by extra large safety lamps suspended in similar 
fashion, in mines where General Kule 8 of the Coal Mines Kegulation 
Act applied. 

These somewhat antiquated modes of underground illumination 
have in later years been to a great extent supplanted by the better 
and modern method of lighting by electricity. 

On the surface, too, in shunting operations, in engine-rooms, and 
in the various operations connected with the banking, screening, 
sizing, cleaning, and loading of the coal, electric lighting has become 
paramount, and its use practically universal. 

In electric lighting there are two distinct forms of lamps, namely, 
the arc lamp ani the incandescent glow lamp, but the latter form 
all but monopolises the field for colliery work, although for lighting 
railways, sidings, and pit heads, the arc lamp may be used with 
considerable advantage. 

The glow lamp is much less efficient than the arc lamp, but it 
possesses the very important advantages of being safer in fiery 
situations underground, and of greater adaptability for distribution. 
By the latter advantage, we mean that a considerable number of glow 

lamps may be placed at short intervals apart, and fixed in any desir- 
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able situation at less expense and with more satisfactory results than 
can be had with even a very few lami)s of the arc type. 

The following is a brief enumeration of the advantages and dis- 
advantages of electric lighting for colliery work : — 

1. Advantages — 

(1) Greater lighting power. 

(2) Consequent immunity from the many dangers which poor 
lighting gives rise to. 

(3) Little or no trouble with lamps. 

(4) Cheaper in cost of maintenance of light than oil lamps. 

(5) Adaptability for fixing in almost any situation. 

(6) Suitability for use in sinking shafts, where its use is of great 
service. 

(7) Perfect safety in fiery mines, when open paraffin lamps would 
be a source of great danger, and where the poor light of hanging 
safety lamps is of itself a great argument in favour of the adoption of 
electric lighting. 

(8) Entire absence of any obnoxious smell or vitiating fumes. 

(9) Absolute cleanliness. 

2. Disadvantages. The disadvantages of electric lighting are 
practically confined to the following : — 

(1) Necessity for generating plant. This is, of course, of little 
consequence where the electric current generated is used for pumping, 
hauling, or coal-cutting, as well as for lighting. 

(2) Laying and fixing of lighting cables. 

(3) Dynamo has often to be run for lights alone, when pumps, etc., 
are off, and this is, of course, expensive. This can be obviated by 
having a small plant for lights alone. 

(4) Cost of lamp renewals. 

In the subsequent pages wdll be found a description of the most 
important types of both the arc and the incandescent glow lamps. 

Arc Lamps 

Arc lamps are made " open " and " closed," and are very suitable 
for outside lighting, such as pit heads, sidings, etc. 

The range of light varies from 500 to 6000 candle-power. 

The light emitted by the arc lamp is practically the same as 
sunlight. Suppose two carbon . rods are made to touch one another 
(each rod being connected to an electrical circuit through which a 
current is flowing), then, on the rods being drawn slightly apart, a 
luminous "arc" is formed. This "arc" forms the conducting 
medium from one carbon to the other. The temperature of the arc 
is stated to be 3500" C. The positive carbon, which is usually 
uppermost in the lamp, is made twice the size of the negative. It 
is made thus because of the difference in the consumpt of the 
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carbons, the positive carbon "wasting" twice as quickly as the 
negative. The end of the positive carbon assumes the form of a 
" crater " or bowl, while the negative remains pointed. This is why 
the positive carbon is placed on top, so that the light emitted is cast 
downwards from the " crater " or bowl. Positive carbons with soft 
cones are used so that more perfect " craters " are formed. 

Open Arc Lamps, — Open arc lamps consume 10 amperes per 1000 
candle-power. An arc taking 10 amperes at 45 volts requires 450 
watts-power. Suppose we had a circuit with a pressure of 220 volts. 
Instead of wasting the current by heating up resistances, the lamps 
can be connected in series across the circuit, thus five arcs consume 
10 amperes k 220 volts = 2200 watts, or 440 watts per lamp. Four 
arcs on this circuit would consume 550 watts per lamp. Two arcs 
in series on a 110- volt circuit, and four arcs in series on a 220-volt 
circuit, with steadjdng or "series" resistances, is common in practice. 
When a large number of lamps are connected in series, then the 
steadying or "series" resistances may be dispensed with, as the 
lamps act as a resistance to one another. Where no steadying or 
" series " resistance is inserted, automatic cut-outs are used. When 
it is required to switch off an arc of a series, a counterbalancing 
resistance must be switched in. This is done automaticaUy by a 
switch in the lamp itself. If failure occurs on the part of one lamp 
in the series, this automatic switch comes into play, and the other 
lamps are not affected. 

l^he Mechanism of the Arc Lamp consists of two coils, the 
"series" and the "shunt," both acting in combination through 
mechanism which has the effect of regulating the distance between 
the carbons, so that when the current is flowing an arc will be 
" struck," and the proper distance between the carbons maintained. 

Alternxiting Current Arc Lamps, — A.C. lamps should not be 
used on D.C. circuits, and vice versd. These lamps have a lower 
efficiency than the former, due to the reversal or alternating of the 
current. The positive and negative carbons, changing their polarity, 
cast half of the light upwards and the other half downwards. The 
temperature of the arc is not so high as in the continuous current 
lamp. Each of the carbons become " positive " time about, so that the 
heat is more distributed than in the case where the "positive" is 
stationary and assumes a " crater." The carbons used in A.C. lamps 
are equal in diameter, and both tend to assume a pointed shape. 
The E.M.F. required is about 35 volts, and the efficiency is about 
1*12 watt per candle-power. 

Choking Coils are used on alternating current circuits instead of 
steadying or series resistances. The choking coil is a very efficient 
apparatus. It is used to " choke " back high voltage without much 
loss. It is therefore possible to use a series of two, or only one lamp, 
on a 220-volt circuit without appreciable loss. By a small expendi- 
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ture of energy in the coil a high counterbalancing pressure " chokes " 
back the extra pressure. 

Economy Coils are used where alternating current arc lamps are 
placed singly. These coils are a combination of transformer and 
choking coil. 

Open arc lamps require to be trimmed periodically with fresh 
carbons, usually every 8 to 20 hours according to type of lamp 
used. The "Flame" carbon now extensively used emits a more 
pleasant light than the ordinary carbon, and possesses the additional 
advantage of penetration in foggy weather. These carbons are made 
with an admixture of calcium, the presence of which causes a yellowish 
flame around the arc. 

Enclosed Arc Lamps, — The arc in this lamp is formed in an 
enclosure from which the air is more or less excluded. The carbons 
are enclosed in a small cylindrical globe inside the outer one. When 
the arc is "struck," the carbon, combining with the air in the inner 
globe, forms carbon monoxide, which fills the globe and prevents 
further admission of air, and being a non-supporter of combustion the 
carbons volatilise. This is the chief loss with the carbons. The 
carbons tend to assume a flat shape at the ends, instead of being 
pointed as in the open arc. The light emitted by this lamp is well 
diffused and steady when both outer and inner globes are opalescent. 
The arc being longer than the ordinary, a better distribution of 
light results, although the candle-power is sometimes 40 per cent, 
less. This better distribution of light is due to the inclination of the 
arc, which forms a cone of 75**, while in the open arc the cone is 45°. 
The enclosed arc lamp works with a voltage of from 75 to 90, and 
with the resistance usually fitted inside the lamp it may be connected 
right away on a 100-volt circuit. As the carbons last from 120 
to 200 hours, less trimming is required than in the open type. A 
nominal C.P. lamp takes about 7 amperes, but lamps are constructed 
to take 2 '5 to 5 amperes. For inside work enclosed arcs are safer, 
there being less risk from fire due to falling carbon sparks. 

The Excello Flame Arc Lamp. — This lamp may be worked at 
50 volts, and is very efficient, giving 10 candles per watt. They 
are made in sizes to emit as much as 3500 candle-power. The 
carbons which contain certain metallic salts are consumed quicker 
than the ordinary carbons, hence they are made longer, and have a 
metallic core running down the centre. The light emitted is not 
unlike sunlight, and owing to the absence of cast shadows the lamp is 
eminently suitable for lighting up open spaces. 

Incandescent Lamps 

The number of lamps required in an installation is determined by 
the illumination necessary. For offices, from 50 to 60 C.P. per 100 
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square feet of fioor area is usually allowed ; while for engine-rooms 
20 to 30 C.P., and for underground illumination 15 to 20 C.P. 
Reflectors add to effective lighting. Dark or black walls absorb 
about 15 j)er cent, more light than white walls. It is more 
economical to use a large number of small candle-power lamps 
instead of a small number of large candle-power. Both arc and 
incandescent lamps may be run on a single circuit. For lighting 
underground, the incandescent lamps are often enclosed in a gas-tight 
outer glass globe. 

The filament of an ordinary incandescent glow lamp is made from 
pure cotton wool dissolved in chloride of zinc. The wool is formed 
into a thread, and allowed to remain in alcohol for some hours. This 
gives a hardening effect, and removes the chloride of zinc. The next 
process consists in washing the thread in water to clean away the 
alcohol. It is then wound in the form of a loop on a carbon cylinder, 
and put into a crucible filled with carbon dust, then heated in a 
furnace to a temperature of 1000" F. The thread then becomes 
pure carbon, and is very brittle. The filament or thread is then 
enclosed in a vessel minus air, this vessel containing benzine vapour. 
When a current is passed through the filament, carbon from the 
benzine vapour settles or deposits upon it, making the thin 
places thick and the whole filament perfectly uniform in thickness 
throughout. This process is called " flashing." The necessary 
connections are then fitted to the filament, and the whole is placed 
in a globe or bulb, and the air is gradually w^ithdrawn by means of 
air and mercury pumps. The bulb is then sealed and the finished 
lamp is tested to see if the vacuum is perfect, and also for the required 
efficiency and candle-power. 

The absolute safety of the incandescent electric lamp in fiery 
situations is doubted by some eminent authorities. Certainly the 
production of light in an incandescent lamp is dependent upon the 
preservation of a vacuum in the interior of the bulb, and immediately 
this vacuum is destroyed through the bursting of the bulb the in- 
candescence instantaneously disappears. But the problem arises as 
to whether the rush of the explosive atmosphere around the lamp 
filament may not take place before the temperature of the filament 
falls below the point of ignition of the gas. Whether this may or 
may not be the case has not yet been satisfactorily demonstrated, 
either theoretically or experimentally, and until this has been done 
there will still remain, in some minds at least, some little doubt as to 
the absolute safety of the electric incandescent lamp in fiery mines. 
Notwithstanding, the bulk of expert opinion is as yet in favour of 
pronouncing the incandescent lamp perfectly safe even in the presence 
of fire-damp. 

The efficiency is generally expressed as the number of watts used 
per candle-power. 



LIGHTING BY ELECTRICITY 119 

Efficiency = candles per watt — r—A — f ?^ , • 

watts absorbed by lamp 

The efficiency varies from 2*5 to 4*5 watts per candle. The life 
of these lamps varies from 800 to 1400 hours. Lamps are made to 
absorb 2*5 to 3 watts per candle; these are termed "high efficiency" 
lamps. Lamps taking 3*5 to 3*75 watts per candle are termed 
"standard medium," while lamps taking 4 to 4*5 watts per candle 
are termed "low efficiency long life " lamps. Circumstances decide 
the most economical kind of lamp to be used. Where power is cheap, 
then the last-named lamp may be the most economical, using more 
current but lasting much longer. Where power is expensive, it may 
pay to gain in power and lose in " life " by using the first-named. 

Measuring the Efficiency of an Electric Lamp — 

"Photometer" Method 

To measure the illuminating power of an electric light we use 
a " photometer." In its simplest form it consists of a 
" standard " candle, voltmeter, ammeter, white paper screen with 
vertical rod projecting a few inches in front of it, and the in- 
candescent lamp to be tested. The lamp is placed at a suitable 
distance from the screen. The candle is adjusted backwards or 
forwards from the screen until the shadow caused by it is equal in 
darkness to the shadow caused by the lamp. The part of the screen 
not in shadow is illuminated by both lights, while the shadows are 
illuminated by only one light, and as the screen and rod are so 
adjusted that lines drawn through the centre of the rod and each of 
the lights make equal angles with the screen, so when the shadows are 
equal in darkness the quantities of light falling per square inch on 
the screen due to the candle and lamp are equal to each other, therefore 

The illuminating power of electric lamp _ E^ 
The illuminating power of standard candle C^ 

The readings of the volt and ampere meter multiplied together 
give the number of watts supplied. 

E2 
Therefore the efficiency of the lamp = -—- — 

The Nernst Lamp 

This is an efficient type of lamp. It absorbs about 1 '3 watt per 
candle. It may be run on 110 and 220- volt circuits, taking 
current to the extent of 0*25, 0*5 and 1 ampere. A substance called 
zirconia is mixed with different oxides, and made in the form of a 
thin rod ; this " glower," as it is called, is placed in the centre of a 
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heating coil of platinum wire. A steadying or ** series " resistance 
is put in series with the glower. A solenoid with a soft iron core is 
connected in series with the glower and steadying resistance. The 
function of the solenoid is to cut out the heating coil when tlie 
glower becomes incandescent. This generally takes about one 
minute after the switch is turned on. Unlike the ordinary in- 
candescent lamp, the filament in the Nernst does not burn in vacuum. 
The light emitted is of a soft white colour, and pleasing to the eyes. 



The Osmium Lamp 

The filament in this lamp is made of osmium wire. A high 
candle-power is attainable, owing to the high temperature to which 
the osmium wire may be raised. The lamps work on 50 and 110- volt 
circuits, and absorb 1*66 watt per candle, giving an efficiency of 
0*6 candle per watt. When the lamp comes into more extended use 
the price per candle will be greatly decreased. The life of this lamp 
is claimed to be between 2000 and 3000 hours. 



The Tantalum Incandescent Lamp 

The average life of this lamp is from 800 to 1000 hours, absorbing 
1 '5 watt per candle. The filament is made from the metal tanlalum ; 
owing to its low resistance the filament is made very long, over two 
feet, for a 100- volt lamp, giving 30 C.P. A special zigzag construc- 
tion is adopted, which enables the long filament to be enclosed in an 
ordinary-sized vacuum globe. When compared with osmium, tantalum 
is found to be stronger, and capable of working at a higher voltage. 



CHAPTEE VI 

INITIAL OUTLAY AND WORKING COST OF ELECTRICAL 

INSTALLATIONS 

Steam boilers : Cornish, Lancashire, and Galloway tube — Water tube — Prime 
movers : Horizontal coupled engines — High-speed vertical — Compound 
condensing and triple-expansion — Steam turbines — Gas and oil engines 
— Water turbines — Generating plant : Continuous current dynamos and 
motors — Alternating current dynamos and motors — Transformers — Cables — 
Electric lighting — Cost of gas-driven plant to generate 1200 H.P. — 
Cost of steam turbine plant of 1200 H.P. — Actual costs of electrical plants 
. of 120, 550, 900, and 1800 H. P.— Cost of working colliery electrical 
installations — Comparison of motor and steam driving — Costs of steam 
power and electrical power — Actual cost of producing electricity at a 
colliery under normal conditions — Results of steam turbine tests — Cable 
losses and motor efficiencies — Cost of working a gas-power plant of 1200 
H.P. — Costs of working, turbo -generating plant at Hulton Colliery. 

The installation of electrical generating plant and the subsequent 
utilisation of the current generated in haulage, pumping, coal-cutting, 
and colliery work generally introduces the necessity for very con- 
siderable initial outlay, especially if the installation is an important one. 

In this respect, electrical plant for colliery work compares some- 
what unfavourably with the old-established system of the direct 
utilisation of the power generated in the steam boilers, with no other 
medium save the engine or engines necessary for the diflferent classes 
of work in active operation. 

Electrical generating plant may, from one point of view, be 
looked upon as an additional a.nd, prima facte, altogether unnecessary 
item of expenditure, seeing that, in the steam generated in the 
boilers, we have a convenient source of power ready to hand. 

But, although the conversion of the mechanical power of the 
modern steam-engine into electrical energy through the medium of 
an electric generator must ever mean a considerable increase in 
capital outlay, it may yet be safely assumed that the subsequent 
saving in cost of working, transmission of the power underground, 
greater adaptability for practically all classes of colliery work, and 
all-round efficiency and reliability, will prove sufficient warranty for 
the exi)enditure incurred. In proceeding to give some idea as to the 
probable cost of the installation of electrical generating plant, let it 
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be borne in mind that the figures given, although in some instances 
actual estimates, are intended merely to serve as a guide in " count- 
ing the cost " of an installation. 

Let us suppose in the first place that boilers for the generation of 
steam have to be installed — although this in many cases may, of 
course, be unnecessary. 

The boilers most generally in use for colliery work, where space 
is generally ample, are the Cornish boiler, the Lancashire boiler, and. 
the Galloway tube boiler. 

For high steam pressures the Stirling and Babcock <k Wilcox 
water tube boilers are also sometimes adopted. 

The Cornish Boiler is generally worked at pressures of from 40 to 
60 lbs., and the horse-power varies from 50 to 100. It costs about 
£4: to £4, 10s. per horse-power, so that a 50 H.P. boiler would cost 
approximately £200, and a 100 H.P. boiler about £400. 

The Lancashire Boiler is for larger powers, with steam pressures 
up to 100 and 120 lbs., and a horse-power of from 200 to 400 H.P., 
depending upon the size of grate area and the type of engine or 
engines to which steam is supplied. 

Concerning the latter condition, it is quite obvious that the 
power developed in a boiler will very much dej^end upon the class of 
engine or engines using the steam generated. If the engines be of 
the slow-speed, non-condensing type, it is evident that more steam 
will be required per brake horse-power developed than if the engines 
had been high-speed, compound-condensing, or triple - expansion 
engines ; and as the horse-power of a boiler is based on the 
actual B.H.P. of the engines to which it supplies steam, the adoption 
of the best types of engines adds to what might be termed the 
working capacity of the boiler. 

A rule given by Percy in his Mechanical Equipment of Collieries 
is to the effect that the horse-power of a boiler may be got by 
multiplying the total grate area by five for good non-condensing 
engines, and by ten for compound condensing engines. 

Thus, in a boiler having a total grate area of 40 square feet, the 
horse-power would be 200 in the former instance and 400 in the latter. 

The price for a Lancashire boiler varies from £3 to £4 per 
horse-power, and the cost of a boiler and accessories 30 feet long 
by 8 feet in diameter, and for steam at 100 lbs. pressure, may be put 
down at anything from £600 to £700. 

Water Tube Boilers are used for pressures above 120 lbs., and 
cost from £3 to £4 per H.P. according to the size. 

Prime Movers 

The types of engines most generally installed at collieries for the 
driving of electric generators may be given in the following order : — 
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1. Twin-cylinder coupled engines of the horizontal medium-speed 
type. 

2. High-speed vertical engines of the single cylinder, double 
cylinder, or triple cylinder open or enclosed types. 

3. Compound condensing and triple-expansion engines. 

4. Steam turbines. 

5. Gas and oil-engines. 

6. Water turbines. 

1. Twin-cylinder Coupled Engines. — This class of engine is very 
wasteful in steam consumption, and therefore uneconomical. For 
dynamo driving they are only adopted in cases where, through the 
cessation of other work, they have been thrown out of employment ; 
and in that case their adoption for driving a dynamo of compara- 
tively small output saves the purchase of new engines, and may be 
advantageous. This type of engine may, of course, be built for 
expansive working and with a condenser, when of course it would be 
much more efficient, but the compound condensing engine we have 
included in a separate section, and shall shortly consider its merits. 

The coupled engine may cost anything from X2 to £4, 10s. per 
horse-power, according to the speed, and the efficiency varies from 
70 to 85 per cent.^ 

2. High-speed Vertical Engines. — This type of engine is very 
efficient, and is perhaps more frequently adopted for actuating 
colliery electrical generating plant than any other type of reciprocat- 
ing engine 

The speed varies from 250 to 450 revs, per minute, and the engines 
are usually coupled direct to the generator. 

The efficiency varies from 85 to 88 per cent., and the price per 
horse-power from £4 to £5, 10s. 

3. Compound Condensing and Triple-Expansion Engines. — Com- 
pound condensing engines are a very economical and efficient class, 
the efficiency being usually about 85 \yQv cent. 

The speed is generally about 100 revs, per minute, but may some- 
times be 150. 

They cost about £5 per horse-power for high steam pressures. The 
triple-expansion type is also very efficient, and the price per horse- 
power is probably slightly less than in the case of the compound engine. 

4. Steam Turbines. — Steam turbines are now being greatly 
favoured for large powers in colliery electrical installations. Turbines, 
of course, necessarily run at an enormous speed, varying from 2000 
revs, per minute uj) to 4000 and 5000 R.P.M. They are said to be 
more economical than even the best of reciprocating engines, but 
are seldom adopted for generators of less than 300 kilowatts output. 

The cost of a turbine installation runs about £5 per horse-power. 

^ Only the mechanical r/ficifncy of the engines, it should be noted, is given 
in each case. 
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5. Gas and Oil-Engines. — Gas-engines cost from .£6 to £10 j>er 
B.H.P., and are therefore more expensive in first cost than steam- 
engines, but, on the other hand, they are cheaper in the working. 
At collieries where much of the coal is coked, the gas given off in 
the process may be profitably utilised in the operation of gas-engine 
plant, and in such instances gas-engines may prove very economical. 

The si)eed varies from 200 to 250 II.P.M. in engines up to 
10 H.P.,*and from 160 to 200 E.P.M. in larger sizes. 

Vertical gas-engines running at higher speeds than those above- 
mentioned are now being built, and are said to be very efficient. 

The efficiency of the gas-engine varies according to the power of 
the engine, and is about 75 to 78 per cent, in the smaller sizes, and 
85 to 88 per cent in the larger sizes. 

The cost per horse-power also varies according to the power of 
the engine, engines of small power being more costly than those of 
large power. 

For instance, an engine of 10 H.P. will cost about .£8 per H.P., 
an engine of 50 H.P. about £6 per H.P., and one of 100 H.P. only 
£5 per horse-power. 

Oil-engines are even more expensive than gas-engines in first cost, 
but are very economical in the working. The cost per horse-power 
runs on the average from XI 1 to XI 4. 

The efficiency and speed is about the same as in a gas-engine of 
equal power. 

Oil-engines are as yet but little used for dynamo driving at 
collieries. 

6. Water Turbines. — A water turbine installation is fairly cheap as 
compared with a steam or gas plant. 

A water wheel of 28 inches diameter and capable of yielding 
50 H.P. will cost about X70, and one of 48 inches diameter and 
150 H.P. will cost XI 80. 

A Pelton wheel costs much about the same price; a wheel 
30 inches diameter and 50 H.P. costing X65, and one 60 inches 
diameter and 300 H.P., X140. 

It is only in comparatively few instances, however, that water-power 
is available at collieries in sufficient quantities to admit of a water- 
turbine or Pelton wheel installation being installed. 

Generators, Motors, and Transformers 

The continuous current dynamo costs from X8 to X2 per kilowatt, 
according to the size of the machine, the price per kilowatt gradually 
falling as the output increases. 

Continuous current motors are slightly cheaper than the dynamos. 

The following table (Table I.) gives sizes, prices, and efficiencies 
of a few machines : — 
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Table I. — Dynamos and Motors. 



Dynamos. 


Motors. 










Price. 


Efficiency 










per Cent. 


K.W. 


R.P.M. 


B.H.P. 


R.P.M. 












£ 




1 1200 


14 


1100 


15 


• 76 


5 1000 


6i 


950 


33 


774 


15 900 


17 


850 


68 


79 


35 900 


39 


850 


116 


86 


76 800 


90 


750 


195 


91 


150 550 


190 


500 


330 


94^ 


250 


450 


310 


400 


440 


95 



The armature costs nearly half of the price of the complete 
machine. 

Alternating current generators cost slightly more than continuous 
current machines, the cost of the exciter helping to bring about the 
somewhat larger price. 

For outputs ranging from 50 to 100 kilowatts, the price of 
the generator and exciter runs about .£4 per kilowatt; from 100 to 
200 kilowatts, about £3, 10s. per kilowatt; and from 250 kilowatts 
upwards, about £2, 10s. to £2, 15s. per kilowatt. These prices 
are for polyphase generators. Single-phase generators cost nearly 
40 per cent. more. 

Polyphase motors cost about the same as continuous current 
motors. Motors with short-circuited rotors cost from 5 to 15 per 
cent, less than machines with wound rotors. Single-phase motors 
cost about 40 per cent. more. 

The periodicity varies from 25 to 50, and the speed from 
1400 R.P.M. in the smaller sizes to 450 in the larger. 

Transformers 

Transformers are necessary adjuncts in many low voltage and 
high-pressure circuits, and are valuable assets in long distance trans- 
mission underground, either for lowering the voltage in high-pressure 
circuits or increasing the pressure in currents of low voltage. 

The average price for transformers runs from Z% 10s. to £3, 5s. 
per kilowatt. 

A transformer for 100 kilowatts would therefore cost about £300. 



Cables 

The price for cables is reckoned at so much per mile of cable, and 
depends upon (1) the current-carrying capacity of the conductors. 
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(2) insulation and covering, and (3) whether with armouring or 
without. The accompanying table (Table II.) is compiled chiefly 
from the list of the Corlett Engineering Company, Wigan, and gives 
some idea of the prices of different classes of cables. 

The cables are all insulated with pure vulcanised rubber. 

Table II.— -Price of Cables (600 Megohm Grade). 



Size 


Taped and 


Bi'aided. 


S.W.G. 


Price per Mile. 




£ 8. d. 


1/19 


15 


3/20 


25 10 


7/19 


44 10 


19/17 


154 


19/16 


189 V 


19/15 


228 


19/12 


445 


37/16 


328 



Lead-covered, 
Price per Mile. 



£ 


a. 


d. 


20 








32 


5 





54 








185 








223 








270 








492 








375 









With Wire 


Current 


Armouring, 


canymg 


Price per Mile. 


I Capacity. 


£ s. d. 


Amperes. 


29 


1*256 


43 10 


3*016 


69 10 


8-708 


218 


46-27 


261 10 


60-39 


314 15 


76-50 


562 10 


159-5 


425 10 


117-6 



If braiding and serving over the armouring is desired, the cables 
cost from 3 to 4 per cent, more than the above prices. 

The 300 megohm grade of cable costs about 3 per cent, less than 
the 600 megohm grade, and the 2500 megohm grade about 4| to 
5 per cent. more. 

The price of concentric cables is about double that of single cables 
of the same size of wire. 

As will be gathered from the table of prices given, the electric 
cable is an expensive medium of power transmission, and it will 
also be noted that the cost increases with the current-carrying 
capacity of the wires employed. In view of this, it is more 
economical to employ a current of high voltage and low amperage 
than one of low voltage and high amperage, as the cost of the cables 
necessary in the latter case is very much higher than in the former. 

Cables insulated with vulcanised bitumen are slightly dearer in price 
than those having vulcanised rubber insulation, but are more durable. 

The different methods of suspending and laying cables are 
described in another part of this work. 



Electric Lighting 

Incandescent lamps of any candle-power from 5 to 32 cost from 
8d. to lOd. each. Lamps of 50 candle-power cost from Is. 8d. to 
2s. each. 

Nernst lamps taking half an ampere at 100 to 200 volts cost 



COST OF ELECTRICAL INSTALLATIONS 127 

about 5s. each. In calculating the cost of installing electric lighting 
by incandescent lamps, a good rule is to allow from 18s. 6d. to 21s. 
for every lamp of 16 candle-power. 

Where a separate plant is installed for lighting purposes alone, 
the power required in the engine will average about 9 horse-power 
for every 100 lamps of 16 candle-power. 

Arc lamps cost from £3 to £4 each. 

From the tables and quotations already cited it may be possible 
for the reader to arrive at a rough estimate as to the outlay incurred 
by the erection of colliery electrical generating plant, and also in the 
installation of the electrical parts of haulage, pumping, and other 
plant underground, together with the cost of the cables required to 
convey the power to the point of utilisation. 

In order to draw a comparison between the cost of installing a 
gas-engine electrical generating plant and a turbine-driven plant of 
the same power, the following two estimates. Tables III. and IV., are 
given : — 

Table III. — Cost of Electrical Plant to generate 1200 Horse-Power.* 

Two gas motors, each of 600 liorse-power, including 

pipe mains, erected complete .... £8,000 
One gas motor of 600 horse-power, in reserve, for use 

during cleaning, stoppages, etc. . . . . 4,000 

Three dynamos, including pulleys .... 4,500 

Switchboard 850 

Two exciters 500 

Foundations . . 600 

Engine-house ........ 1,250 

Travelling crane, 15 tons capacity .... 600 

Contingencies, say, 20 per cent 4,060 



Total 



''£24,360 



The cost of a plant with turbines of the same horse-power as 

the two gas motors in Table III. would probably approximate 
the estimate given in Table IV. : — 

Table IV. — Cost of Turbine Plant of 1200 Horse-Power.^ 

Buildings £450 

Steam turbogen, of 1200 horse-power . . . 5,250 

,, reserve, of 600 horse-power . . 3,000 

Transformer, switchboard, etc 650 

Crane 150 

Steam pipes 300 

Duplicates, 10 per cent 900 

Boiler-house 2,500 

Boilers 3,200 

^ Trans. Inst. M. E., vol. xxxii. part iv. p. 369. 
^ Ibid.f vol. xxxii. part iv. p. 371. 
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Seating, chimney, etc 800 

Feed-pumps, steam'separators, etc 375 

Contingencies 2,000 

Total . £19,575 



The estimate for the gas-driven plant in Table III. reaches a figure 
which some may deem excessive, but the installation is a first-class one 
in every respect, and in installations of such magnitude it is better to 
err on the side of safety by erecting a plant excellent in workmanship 
and ample in power, than run the risk of breakdown and failure by 
installing a plant barely equal to the work in hand. 

Both in the gas and in the turbine plants, the inclusion of 
reserve engines adds considerably to the total cost. 

With larger installations the cost per kilowatt may be reduced 
considerably below this figure. 

In Table V. are given the actual costs of electrical installations 
of 120, 550, 900, and 1800 horse-power. 

Table V. — Actual Costs of Electrical Plants of 120, 550, 900, and 

1800 Horse-Power.^ 



Engine output . . horse- power 
Electric output . . kilowatts 

Cost of electrical plant : dynamo 
,, ,, ,, switchboard 

Totals 

Plant-costs : purifying plant . 
,, gas-engine plant . 
, , electric plant 

Totals 
Plant-costs per kilowatt . 


120 

88 

£375 
100 


550 
404 

£1,015\ 
75/ 


900 
662 

£2,650 


1,800 
1,315 

£5,000* 
850 


£475 


£1,090 


£2,650 


£5,850 


£1,700 

2,145 

475 


£1,650 
4,889 
1,090 


£2,000 
7,225 
2,650 


£3,000 

14,450 

5,850 


£4,320 


£7,629 


£11,875 


£23,300 


£49 


£19 


£18 


£17 


* Three ir 


lachines. 







Cost of Working Electrical Installations 

Before entering into actual records of the cost of working electrical 
installations, some comparisons of motor and steam driving may prove 
interesting and at the same time highly instructive. Mr. A. J. Tonge ^ 
gives in Table VI. a comparison of the economy and efficiency of steam 
and motor driving. 

^ Trans, Inst. M. K, vol. xxxii. part iv. p. 368. 
^ Ibid, J vol. xxix. part iii. p. 159. 
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Table VI. — Comparison of Motor and Steam Driving. 



Description of Plant. 



Efficiency : electric horse-power or indicated 
horse-power and brake horse-power 

Average electric horse-power at generator and 
calculated indicated horse -power at engine . 

Steam consumed per hour per electric horse- 
power at generator and per indicated horse- 
power at engine .... pounds 

Steam consumed per hour per brake horse-power 
at motors and per brake horse-power at 
engine pounds 

Steam consumed per hour for 164 electric horse- 
power or for 158 indicated horse-power . pounds 

Coal consumed per hour for 164 electric horse- 
power or for 158 indicated horse-power, calcu- 
lated at the rate of 6*3 pounds of steam per 
pound of coal .... pounds 

Katio of coal consumption, electric to steam 
driving ........ 

Amount of coal consumption per year . tons 

Cost of coal per year, at 5s. 6d. per ton 

Advantage on motor driving for 164 electric 
horse-power per annum 



Electric 
Driving. 




0-82 
164 

19 



23 

3,116 

495 

1 
1,925 
£529 

£981 



0-85 
158 

56 

66 

8,848 

1,404 

2-8 
5,492 
1,510 



Table VII., on page 130, furnishes another striking instance of the 
economic advantages to be gained by the substitution of electrical 
for steam power for practically every description of colliery work. 

The ratio of saving is scarcely equivalent to that obtained in 
Table VI., but it is, nevertheless, considerable. 

The cost of working electrical plant is probably the most 
satisfactory basis on which to argue the advisability of installing 
electric power at a colliery, and the two instances given above 
show that the saving over steam power may, in many cases, amount 
to a considerable sum. The following very interesting experiment, 
made by Mr. Percy C. Greaves,^ shows the actual cost of producing 
electricity at a colliery under normal conditions : — 

The plant used for the experiment consists of two 50-kilowatt 
generators, working at a pressure of 460 volts, and coupled directly 
to two Willans central-valve engines running at 460 revolutions per 
minute under a steam pressure of 100 lbs. per square inch. 
The boiler is attached to this plant alone, so that accurate results 
can be obtained. The period of trial covered one week. 

The motors and machinery driven by the generators are as 
follows: One 24 -kilowatt motor, driving a main -and -tail rope 
haulage-plant; one 1- horse-power motor, driving a centrifugal pump; 
^ Trans. Inst. M. E.^ vol. xxxii. part iv. p. 363. 
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one 42-horse-power motor, working a ram-pump; one 10-horse- 
power motor, operating a second ram-pump; one 15-liorse-power 
motor, driving machinery in fitting-shops; and three Diamond 
coal-cutters, driven by motors of 20 horse-power each. In 
addition, there are 115 lights in the pit-bottom, coupled in series. 
The two dynamos are run in parallel, and, at a certain period 
of the day, one is stopped and the other does the work alone. A 
self-recording watt-meter was put down to ascertain the number 
of units used by the plant. In one week, from Saturday night 
to Saturday night, 4400 units were consumed; during the same 
period, the boiler used 33 tons 12 cwts. of coal. The following 
stores were consumed by the plant : 9 gallons of engine-oil, ^ gallon 
of cylinder-oil, and 2 lbs. of waste. The wages of the attendants. 

Table VII. — Costs of Steam Power and Electrical Power at a 

SiLESTAN Colliery.^ 
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• 


65 


300 


14 6 


217 


300 


11 


01 


165 
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15. Coal hoists 
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6 6 
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300 
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68 


30 


16. 


2 


65 


310 


15 


232 
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11 


0| 
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17. Ash hoist 


• 


4 
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2 


36 


360 


1 


0' 


18 


18 


18. Workshops 


• 


23 


350 


5 


88 


350 


5 


01 


88 





19. Electric lighting 
Totals . 


• 


100 
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360 


18 
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£4,145 


360 


1 4 


0! 
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1 
1 


432 
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£2,893 


£1,252 



^ Trails. Inst. M. E., vol. xxxii. part iv. p. 367. 
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one on each shift, were £2, 12s. The quality of the coal used 
was very inferior, 8 tons being bastard cannel, while 17 tons 
17 cwts. of coal had been in stock for about two years, and, 
in Mr. Greaves' opinion, the full value of this fuel was 3s. 6d. 
per ton. Consequently, on this basis, the costs were as follow : 
Coal, 33 tons 12 cwts., at 3s. 6d. per ton, .£5, 17s. 6d. ; oil, 
9^ gallons, 18s. 6d. ; wages, £2, 12s. ; cleaning waste, 2 lbs. at 
2d., 4d. ; and the total cost of £9, 8s. 3d. is equivalent to 
0*5 Id. a unit. In addition to this, there is the depreciation of 
plant and interest on the outlay. 

A portion of this plant was bought when prices were high, 
so that it is hardly a fair criterion; but, taking the cost of the 
boiler, engine-house, and two plants at £2000, and allowing 
15 per cent, for depreciation of plant and interest on capital, it 
would amount to £b, 15s. 4d. per week; and the cost of insurance 
of the dynamos is 2s. 6d. per week. The total cost will then 
become £15, 6s. 3d., or 0*83d. per unit. The trial was continued 
during the following week, when 4428 units were used, and the 
results were as follow : Coal, 34 tons 4 cwts., at 38. 6d., £5, 19s. 8d. ; 
oil, 9 J gallons, 18s. 6d. ; waste, 1 lb., 2d.; wages, £2, 12s.; boiler- 
cleaning, 4s.; interest, depreciation, and insurance, £5, 17s. lOd. ; 
making a total cost of £15, 12s. 2d., or 0*83d. per unit. 

A test was also made to ascertaiii how many units were used 
by the coal-cutter in normal working, and for this purpose all the 
lights and other motors were cut off, so that . the watt-meter would 
register the actual energy taken by the Diamond coal-cutter. This 
machine was cutting in tough fire-clay on the floor-level to a depth 
of 4 J feet, and it was running partly on the fourth, and partly 
on the fifth notch. The actual time taken was four hours, and 
during that period the machine cut 58 yards, or 87 square yards, 
and used 44 units, or 0*50 unit per square yard of cut, or 0'75 unit 
per lineal yard of cut. The actual yardage cut was certainly a 
record, and this may be attributed to the fact that the coal-cutter 
men knew that a test was being made, and they wished to do 
their best; but the writer does not consider that this would have 
any effect upon the cost per square yard in general cutting, because, 
when the machine is cutting, it will consume about the same amount 
of power. The coal-cutting machine was working about 1700 yards 
from the switch-board where the test was taken, and thus all losses 
by transmission were taken into account. 

It may be explained that an electrical unit is 1 kilowatt-hour (1000 
watts per working hour), and this is equal to 1 '34 horse-power acting for 
1 hour (see page 7). It was defined by Act of Parliament in 1882. 

An induction test made by Mr. J. F. Lee ^ gave a somewhat lower 
cost per Board of Trade unit. The test was made on a generator of 
^ Trans, Inst, M, K, vol. xxzii. part iv. p. 372. 
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225 kilowatts, actuated by a Robey cross-compound-condensing engine 
with a rope-driving connection to the generator. Separate boilers 
were used so as to arrive at the amount of fuel consumed, and the 
following results were obtained : Mean indicated horse-power, 407 ; 
mean electric horse-power, 298 ; loss in friction of engine, ropes, and 
generator bearings, 27 per cent. ; and overall efficiency, 73 per cent. 

The costs were as follow : Fuel, 7 tons - of ordinary pit slack, 
made through holes, 1 inch square, at 4s. per ton, £1, 8s. ; stores, 
9d. ; labour, lis. 9d. ; and the total, £2, Os. 6d., were equal to 
0*365d. per unit on the output obtained. 

A third test, made by Mr. A. J. Tonge ^ on a turbine-driven plant, 
shows very interesting results. The generating plant comprises two 
Parsons turbo-alternators, supplied with steam from two Lancashire 
boilers, 30 feet long and 8 feet in diameter, at a maximum pressure of 
150 lbs. per square inch. The boilers are provided with economisers. 
Each alternator has a normal capacity of 300 kilowatts. The load 
varies from a maximum of 247 kilowatts with a steam-consumption 
of 23 lbs. per kilowatt-hour to a minimum of 109 kilowatts with a 
steam-consumption of 28 lbs. per kilowatt-hour. With an average 
load the steam consumption is 25 lbs. per kilowatt-hour, or 19 lbs. 
per electric horse-power hour. Table VIII. records the results of three 
tests of the Parsons turbo-alternators : — 

Table VIIL— Results of Tests of Two Turbo Alternators of 
300 Kilowatts. The Average Readings are recorded. 



No. of Test 



No. of machine 

Load .... 

Duration of test 

Kilowatt-hoiirs, No. 1 meter 

Kilowatt-hours, No. 2 meter 
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Power- factor 
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Vacuum at condenser 
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Steam used per kilowatt-hour 

Steam used per electric horse 

power hour 
Load on plant 



• ■ 


1. 
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3. 


• • 
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862 
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kilowatts 
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311-2 
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• • 
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95 


• • 
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120 


• • 


789 
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215 


■ • 


1 


1 


0-98 


• • 
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465 


462 


• • 


391-1 


383-3 


137-5 


• • 


782 


1,039 


218-9 


amperes 


9-6 


11-3 


9-8 


• • 
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pounds 


144 


147 
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inches 


26-2 


26-7 


27-65 


j> 


30-05 


30-0 


30-0 


pounds 


6,996 


6,837 


2,991 


>> 


22-3 


22-0 


28-1 


J J 


16-6 


16-4 


21-0 


• . 


Full 


Full 


One-third 



^ Trans. Inst. M, £!., vol. xxix. p. 156. 
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The test was continued in order to find out the loss of power in 
the cables through transmission to the various motors at work, and 
also the working efficiency of the motors. 

The record is valuable as showing the percentage of power 
delivered from the dynamo which may reasonably be expected to be 
available in mechanical brake horse-power on the motor shaft. 

Table IX. gives the results of the test : — 

Table IX. — Cable Losses and Motob, Efficiencies. ^ 



Work of Motors. 


• 

a> 

•3 


eening 
lant. 


s 


tilating 
'ans. 


• 

m 

00 


g 



1 


mall 
otors. 


• 


iquette 
lant. 


als and 
erages. 




08 




PL, 

4 


3 




4 


l-H 
00 






4 


cS 
GO 

1 




1^ > 1 

1 


Number of motors . 


3 


2 


3 


2 


26 1 


Normal rating, brake 






















horse-power . 


68 


90 


87 


120 


20 


40 


19 


45 


90 


579 


Average distance from 




















1 

1 


generator . feet 


1,230 


216 


402 


1,371 


282 


3,234 


288 


256 


1,110 


924 


Average working 






















load, electric horse- 






















power . 


30 


48 


71 


100 


16 


49 


13 


26 


83 


432 


Cable efficiency, the 




















1 
1 


electric horse- power 




















1 

1 


being unity . 


0-98 


0-99 


0-98 


0-96 


0-99 


0-95 


0-99 


0-99 


0-96 


0-97 


Motor efficiency, the 




















' 


electric horse-power 




















1 


being unity . 


0-68 


0-76 


0-86 


0-86 


0-80 


0-86 


0-80 


0-85 


0-88 


0-84 ' 


Combined efficiency, 




















1 


the electric horse- 




















] 


power being unity . 


0-66 


0-75 


0-84 


0-83 


0-79 


0-82 


0-79 


0-84 


0-84 


0-82 


Average load in brake 






















horse - power while 




















1 


working. 


20 


36 


60 


82 


13 


40 


10 


22 


70 


353 


, Average continuous 






















1 load on generator, 








1 












electric horse-power 


• • ■ 


• . • , » • • 


... ... 


. . . 




. > • 


• • • 


164 


Maximum load on the 




1 












1 


1 generator, electric 
horse-power . 
















1 


• • • 


... 


... ... 




• • • 




• ■ • 


329 

1 


. Minimum load on the 




1 












1 


generator, electric 




, 


1 












horse-power . 


• • • 




... 


... 








• ■ • 


• • • 


145 



The cost of working the gas-power plant of 1200 horse-power, de- 
tailed in Table III., page 127, is given as follows : 2 The value of coke- 
oven gas may be taken at a low figure, because hitherto an equivalent 

* Trans. Inst. M. E., vol. xxix. part iii. p. 157. 
2 Ihid.f vol. xxxii. part iv. p. 369. 
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amount of heat obtained from gases has been set against the va,lue 
of the fuel required to evaporate the same quantity of water. 
Comparing the value of a cubic foot of gas with bunker-coal worth 
4s. 6d. per ton with a heat value of 15,000 units, the value is about 
0-0033d., to which O'OOlSd. should be added for working costs, 
interest, and depreciation, making together, say, 0'005d. per cubic 
foot of gas consumed in the gas-engine. The cost of gas for an 
engine consuming 10,000 cubic feet per hour will therefore be 4s. 2d. 
The other costs are attendance, cooling water, oil, and cleaning. Tlie 
interest and sinking fund on a first cost of £20,000 may be reckoned 
at 7s. per working hour. 

Table X. gives a summary of the cost of working the plant : — 

Table X.-— Cost of working a Gas-Power Plant of 

1200 HORSE-PoWER. 



Interest and sinking fund 

Cost of gas 

Attendance 

Cooling water 

Oil . 

Cleaning . 



s. 
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8. d. 
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11 


Total 


18 



It will be noticed that the result gives a cost of 18s. per hour, or 
0*1 8d. per horse-power hour. 

The foregoing facts and figures relating to the cost of producing 
electricity at collieries, form, we imagine, very interesting and instruc- 
tive reading, and will probably enable the mining student, as well 
as the colliery manager, to gather a practical estimate of the outlay 
incurred in the putting down of colliery electrical plant, and also the 
cost of working such a plant, compared with the steam-engine pure 
and simple. 

Further records of actual tests of colliery installations might be 
given showing somewhat similar results to those already detailed, 
but sufficient has been said for our purpose, and a test conducted by 
Mr. W. B. Shaw,^ and showing the costs of working the turbo- 
generating plant at Hulton Colliery, must suffice. The total capacity 
of this plant is 1000 kilowatts, and steam is supplied by four 
Lancashire boilers, 30 feet long and 8 feet in diameter. 

^ Trans. Inst. M. E.j vol. xxxii. p. 379. 
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Table XI. — Costs of working Turbo-generating Plant at 

HuLTON Colliery 



Year. 

1 


1904 


• 


1905 


. 


1906 (10 months). 


1 


Totals. 
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£841 

£466 

£53 

£1,691 


Per 
Kilo- 
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Totals. 
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0-315d. 
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0-31 3d. 
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£3,051 


0-568d. 


£3,299 


0-579d. 


£3,827 


6-425d. 


1,289,000 
0-54 


1,366,000 
0-49 


2,164,000 
0-45 



* The load-factor is the proportion of the average load to the maximum load 

during the year. 



CHAPTEE VII 
ELECTRICITY APPLIED TO COAL-CUTTING 

Advantages and disadvantages of electrical coal-cutters as compared with 
compressed air machines — Arguments for and against the adoption of 
coal-cutting machinery — Advantages of machine-mining over hand-holing 
— Objections to electrical coal-cutting machinery — Conditions best suited 
to machine coal-cutting — Control of the roof— Position of undercut — 
Depth of cut — Shallow undercut — Deep undercut — Stone-holing v. coal- 
holing — Comparative costs of machine-holing in stone and in coal — 
Direction and length of machine face — Comparative costs of machine - 
mining with gate roads differently spaced — Machinemen — Stowers — 
Gummers — Timbermen and fillers — Types of electric coal-cutters — The 
Pick machine— Revolving-bar machines — The "Pickquick" machine — 
The Hurd coal-cutter — Disc machines — The Diamond coal-cutter — 
Anderson-Boyes electric coal-cutter — The Crescent machine — Performance 
of a Crescent coal-cutter — The Jeffrey disc machine and other disc coal- 
cutters — Electric coal-cutters of the chain type — The Goodman electric 
chain coal-cutter — Jeffrey chain machine — Anderson-Boyes chain machine — 
The Diamond patent longwall chain machine — The Jeffrey electric shearing 
machine — Goodman low-type breast machine — Power truck — The Stanley 
heading machine — Power consumed by coal-cutting machines — Cost of 
electric driving of coal-cutters — Haulage arrangements — Gate-end panels — 
The trailing cable — Coal-cutter motors — Cost of coal-cutting machines. 

Coal-cutting by machinery has made rapid strides during the last 
few years, and must unquestionably continue to do so in the future. 

At the first introduction of coal-cutting machines into mines, 
compressed air was greatly in the ascendency as the motive power, 
but by degrees the advantages of electricity over its formidable rival 
became apparent, and the number of new machines driven by electrical 
energy rapidly increased, until at the present time there are nearly as 
many coal-cutting machines driven by electric motors as there are 
driven by compressed air. 

The advantages of electricity over compressed air for driving coal- 
cutting machinery are many, and the disadvantages comparatively few. 

The advantages, so far as the transmission of the power from the 
surface to the point of utilisation is concerned, are well known, and 
will be found fully discussed in another part of this work. 

Less time is occupied in the attachment of the trailing cables than 

is necessary in laying the pipes and coupling to the machine in the 

136 
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case of compressed air, the speed of cutting attained is greater, and the 
general efficiency of the electro-motor-driven coal-cutter is higher than 
in the air-driven machine. 

The disadvantages of the electrically driven machine are practically 
confined to the recognised dangers arising out of the use of electricity 
underground, and especially in fiery mines. 

Arguments foic and against the Adoption op Coal-Cutting 

Machinery 

There are many advantages which may accrue, not only to the 
mine owner, but also to the miner, from the use of coal-cutting 
machinery. The innate antagonism of the average miner to the 
introduction of the " Iron Man," although perhaps but the outcome 
of quite a natural jealousy, is nevertheless wholly uncalled for and 
altogether unreasonable. Indeed, in not a few instances the intro- 
duction of coal-cutting machinery has been the means of raising 
the average daily wage throughout the colliery, while at the same 
time it has proved most advantageous to the owners of the mines. 

There are many seams of coal at present being mined at a profit 
which, owing to their thinness, the hard nature of the undercutting, 
and the consequent difficulty in getting the coal, could not be 
profitably worked solely by hand labour, and would perhaps have 
had to be altogether abandoned were it not for the coal-cutter and 
associated appliances. 

Some of the advantages which machine mining may be said to 
possess over hand-holing are ; — 

1. Capability of working at a good profit certain seams of coal 
which, if worked by hand, would probably yield little or no re- 
compense to the mine owner. 

2. Greater percentage of round coal got (especially in soft seams) 
than can be secured by hand labour. This advantage results from 
the greater depth of holing that can be attained with the coal-cutter, 
and is also partly due to there being less coal cut away in the process 
of machine-holing than where the holing is done by hand. 

The authors have noted one particular seam — coal very soft, 
with hard roof and floor — where not more than 30 per cent, of round 
coal was secured when worked by hand, but when coal-cutters were 
introduced the proportion of round coal was increased to over 70 per 
cent. ; and this was attributed to the much greater depth of holing 
which the coal-cutter could reach ere the coal fell. 

3. A greater output of coal per man employed. 

4. Greater and more uniform " rate of advance " of the working 
faces is secured, with the result that the roof is easier to maintain 
and the weight is kept more constantly thrown forward on the coal 
face — the coal, in consequence, " breaking " more readily when holed. 
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5. More highly organised division of labour is attainable. By 
this we mean that, where coal-cutting machines are in use, the 
different operations incident to coal-getting may be more ea,sily 
classified, and a special class of men delegated to undertake each class 
of work independently. One gang of men, for instance, do tlie 
actual " getting " of the coal, another section the filling of the coal 
into tubs, another the timbering, another the stowing, another attend 
to the machinery, and so on. 

Where such division of labour is carried on, and organisation 
is efficient and complete, economic advantages must certainly 
follow. 

Where the coal is got solely by hand labour, however, organisa- 
tion on such lines, though sometimes attempted, is seldom successfully 
carried out, and the man who " gets " the coal has generally also to do 
the filling, timbering, stowing, etc. 

Some of the objections which may be raised against the adoption 
of electrical coal-cutting machines are : — 

1. The dangers attached to their use in fiery mines. 

2. Dangers of "live" motor casings, abrasion of insulation of 
trailing cables, etc. 

3. Necessity for specially qualified men to attend to and repair 
machines. 

4. The great noise made by the machines in working. The 
operators at the machines cannot hear any breaking or movement of 
the roof or coal face while the coal-cutters are at work, and the 
machines have to be stopped for a few minutes at frequent intervals 
in order to allow of an examination of the state of the roof and coal 
face being made. Obviously, there is here some little extra danger 
attached to the use of coal-cutting machines, but of course this 
danger is common to all coal-cutters, whether electrically driven or 
otherwise. 

5. Necessity for keeping the working places " wide " to allow of 
the passage of the coal-cutter along the face, rendering the machines 
unsuitable for very tender roofs. 

In spite of these objections, coal-cutting by machinery possesses 
advantages over hand labour which cannot be gainsaid, and for 
suitable coal seams their adoption is generally decided upon with 
little cavil. 

Conditions best suited to Machine Coal-Cutting 

Before deciding upon the introduction of coal-cutting machines to 
work any coal seam, a variety of circumstances have first to be 
considered. 

Some coal seams are very suitable for the adoption of coal-cutters, 
while others are not so suitable, and some, indeed, are entirely 
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unsuitable. It is not so very easy a matter to say which coal seams 
are suitable for machine work and which are not suitable. 

The authors have seen coal-cutting machines worked successfully 
under a variety of circumstances and conditions. We have known 
them to give satisfaction in very hard seams with no clay holing and 
a fairly strong roof, in very soft seams with a hard rock roof and 
floor, in moderately hard seams with clay holing and only a fairly 
good roof, and in both thin and thick seams. 

The adoption of coal-cutting machinery does not depend so much 
upon the section of the coal seam as upon the nature of the roof and 
floor. 

If a coal seam has a very tender roof, difficult to keep and 
requiring much timber, the profitable introduction of coal-cutting 
machinery may be said to be well-nigh impracticable. Again, if the 
seam worked is traversed by well-defined facings, or slips, and owing 
to the direction of dip, etc., it is not found advisable to have the line 
of working face at right angles to the line of slip, it will be found 
a very difficult matter indeed to keep the roof where coal-cutting 
machines are in use, owing to the necessity for keeping the places 
" wide " to allow of the passage of the machine. 

In such circumstances, falls of roof would probably be very 
frequent, obstructing the passage of the coal-cutter along the working 
face, and, it may be, burying the machine itself. 

The nature of the floor is of much less moment than the nature of 
the roof, and coal-cutting machines are now at work on all sorts and 
conditions of pavements. 

For soft pavements, the machine, along with the skids, is generally 
mounted upon a steel plate, about |- to ^ inch in thickness, and 
slightly turned up at the front and rear. This arrangement suffices 
to prevent the machine from ploughing into the pavement. For 
heaving pavements, efficient stowing and rapid " rate of advance " are 
about the best and most practical preventatives. 

Probably the most favourable circumstances under which a 
coal-cutter can be worked are where the coal seam to be machined 
is very hard and strong, with no suitable holing and a good strong 
roof. 

The working of such a seam by hand would probably require a 
very high tonnage price, and it is in such high-priced seams that 
coal-cutting machinery has been, and will be, most successful. In 
very thin seams, too, the coal-cutting machine is generally very 
successful. 

In such seams the undercutting and getting down of the coal is 
rendered much more difficult and arduous than usual by the 
lowness of the roof, and with coal-cutting machines the coal can be 
undercut to a great depth, often as much as 4 to 5 feet, and the coal 
is thus enabled to break by its own weight. 
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In such thin seams an electrically driven coal-conveyor is 
frequently used in conjunction with one or more coal-cutting 
machines, and this arrangement generally proves very economical- 
Then, again, coal-cutting by machinery has often proved 
eminently successful in very soft seams, with hard roof and floor, 
not so much because of any appreciable reduction in the price of 
getting, but principally owing to the much larger proportion of 
round coal that could be secured. 

Coal-cutting machines, then, may be said to be suitable for thin 
seams with a good roof ; soft seams with a good roof ; hard seams 
with a good roof ; seams having little or no dirt for stowing, with a 
good roof; seams making plenty stowing material, with only a 
moderately good roof; and for seams of any inclination, except, it 
may be, very steep seams. 

The above, although classed as the most suitable seams for 
being worked by coal-cutters, are not, of course, the only seams 
which may be profitably machined. There have been numerous 
other coal seams which, although not providing the same glowing 
prospects at first consideration as those we have discussed, have 
nevertheless been so skilfully engineered and worked that success has 
attended the venture. 

Control of the Roof 

The adoption of coal-cutting machinery very often introduces the 
necessity for special methods of timbering. A passage must be left 
along the face for the progress of the coal-cutter, so that props 
cannot be set within 4 to 5 feet of the coal face. 

Where the roof is tender, and perhaps traversed by frequent slips 
or breaks, the method of timbering generally adopted is on the 
following principle : — 

Every 4 feet or less a setting of timber is fixed, consisting of 
light bars set or " needled " into the coal face at one end and resting 
on upright props at the outer end. After the machine has passed 
by, temporary supports are set in the middle of the bars. The coal 
is taken off in about 6-feet lengths, and as soon as it has been 
cleared away, props are set on the exposed ends of the bars, and the 
temporary middle supports are then knocked out. 

The " cocker-sprag " may also be used to good advantage in 
many instances. The " cocker-sprags " consist of props laid longi- 
tudinally along the coal face and gripped by short sprags from the 
roof and floor. They make not only safe holing props but good 
roof supports as well. Of course, they can only be set behind the 
coal-cutter, and have to be withdrawn when the coal is about to be 
taken off. 

The use of coal-cutting machines usually enables a more 
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thorough application of systematic tioiberiiig to be carried out aa 
the result of the rapidity of advance, straightneaa of the line of fa«e, 
and regularity of subsidence of the roof. 

Frequently, where there is a scarcity of stowing material, a 
considerable quantity of the back timber is withdrawn so as to 
allow the roof to subside in the goaf. This has the effect of easing 
the pressure on the roof next the working face, rendering it more 
easy to keep. 

Where there is a sufficiency of dirt and stones, however, the waste 
should be thoroughly and systematically stowed. 

As a rule, the increase in the rate of advance secured by 
means of the coal-cutting machine proves a great help in the 
keeping of a trouhleaome roof ; and this advantage may probably 



Depth 70 Yards. Incdnation 1 in 11. 
Undercut 4ft. 6in. bv Electric Machinc. 

Fio. 82. 

outweigh the difhculties arising from the necessity for having the 
places " wide " next the coal face. 

Position of Undercut 

The position of the holing may be at any point between the Huor 
of the seam and the roof. 

The main factors in determining the inont suitable position are 
tbe relative hardness of the strata forming the seam section, and 
the nature of the partings between each stratum. 

The most frequent position is next the floor of the seam, and if 
the holing can be done in a suitable dirt band, and there is a good 
l»rting next the roof, that position is perhaps the most to be 
desired. 
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If the bottom stratum of dirt or atone be too hard to cut, the 
holing ia sometimes done in the bottom of the coal itself. 

If the holing is done in a layer of fireclay or dirt, a point to be 



Depth 80 Vards. 
UNfiCReUT 4ft Ah. BV ELtCTRKl Machiks. 



Depth 13S Varus. 
UNDtnoin 7rr. Om, tt Polyphase Electric Maghiu 



watched is that the coal above remains firm until the dirt band has 
been cleared away ; else, if part of the coal drops away and gete 
mixed with the dirt, great trouble will be experienced in securing it 
free from dirt admixtures. 

If the holing is to be done above the coal, there should be a 
good parting next the floor of the seam. 
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Figs. 82 to 87 show some sections of coal seams in which the 
position of the holing is varied to suit the conditions peculiar to each 
case. 

Figs. 82, 83, and 84 illustrate aeams worked by the Diamond disc 



, Fig, 85.— Holing 1 ft. 6 in. from flooi. 



Flo. 86.— Holing 2 ft. 9 in. from floor. 

coal-cutter, while the sections shown in Figs. 85, 86, and 87 are being 
worked at present by the " Pickquick " bar machine. 

Depth of Cut 

The most suitable depth of undercut is often a matter not easy to 

■rmine. 

Mature consideration must be given to every condition which 
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exerts an influeuce on the point at iasiie ere uny attempt is made 
to come to a decision in the matter. Some of the points which 
fall to be discussed are: (I) the nature of the roof, (2) the 
hardness or softness of the coal, {3) the depth at which the 
coal most readily breaks, (4) the height of the seam, and (5) the 
time taken to clear away the coal with a certain depth of cut. 

The first point mentioned, namely, the nature of the roof, is of 
primary importance. If it be of weak character, a great depth of 
undercut might prove ruinous so far as the maintenance of the roof 
is concerned. 

The breaking depth of the coal is also of little less moment. If 
the coal breaks at a depth of undei'cut reaching 5 feet, and the 



Fi«. 87. — Undercut by polyplisae machine. 

machine is set to cut to a depth of only 4 feet, the coal may refuse 
to break voluntarily, and in consequence may have to be blown down 
by means of explosives at considerable expense. 

The breaking depth of the coal, however, is not so very ditticult 
to determine, as ite value may be suitably determined by hand-hoHng ; 
besides, even if it required an undercutting of 5 feet or more to bring 
down a coal when the holing was done by hand, it may safely be 
assumed that, with machine undercutting, the coal will break at 6 
inches or even a foot less depth of holing, as the result of the 
greater rate of advance of the face, with the consequent greater and 
more uniform pressure of the roof on the seam. 

Then, again, the hardness of the coal is a matter which goes a long 
way in determining the depth of cut. 

Soft seams will generally, of course, break readily with even a 
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very shallow undercut, but it is much better to undercut a soft and 
friable seam to a good depth, because of the larger percentage of 
round coal which is thereby obtained. 

In tiiin seams, too, a deep undercut is frequently adopted, as, 
owing to the coal being of comparatively little weight in itself, it has 
usually to be holed to a good depth ere it will break of its own 
accord. 

The minimum depth of undercut may be put at 3 feet, as no 
advantage can be reasonably expected to accrue from a shallower cut. 

A brief enumeration of the relative advantages of the shallow and 
of the deep undercut may be profitable. 

Shallow Undekcut 

(1) A lighter and consequently less expensive machine may be 
used ; (2) more suitable for a weak roof than a deep undercut ; (3) 
the coal is more quickly cleared away ; (4) less time elapses between 
each passage of coal-cutter across the face; (5) uniform daily rate 
of advance of face; and (6) breaking down of the roof is of less 
frequent occurrence. 

Deep Undercut 

(1) More suitable for a hard coal with a good roof; (2) more 
suitable for a soft friable coal, owing to the larger percentage of 
round coal obtainable; (3) there is a greater quantity of coal got 
per run of the machine ; (4) where the gate roads are a distance apart, 
and a road is taken along the face to facilitate the filling of the 
coal, an advantage accrues from having a deep cut, in that more coal 
is filled for the one laying of the track ; and (5) getting machine into 
position, changing cutters, and other operations incidental to the work- 
ing of coal-cutting machines, occupy less time for the same area of 
cutting done. 

It is probable that a medium undercut of, say, 4 to 4J feet, 
may combine many of the advantages of the shallow and deep 
undercuts. 

Stone-Holing v. Coal- Holing 

The nature of the material in which the undercutting of a seam 
is done often goes a long way in determining the economic advantages 
to be gained from the employment of a coal-cutter. 

In thin seams especially there is a natural reluctance to kirve 
away the precious mineral, and, if it be at all practicable, an attempt 
is generally made to do the holing in the band of stone, either above 
or below the coal, if such a stratum exists. 

Now, this arrangement is both practical and, if the holing be of a 

10 
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soft nature, extremely economical. But, on the other hand, if the 
stratum of stone be very hard and of a sandy nature, the advantages 
of cutting in the stone instead of in the coal are not so readily 
apparent, and the most suitable position for the undercut becomes a 
matter for serious consideration. In hard, sandy material the 
machine cutter-picks will not endure for long, and the sjieed of 
cutting is also exceedingly slow. 

Consequently, having regard to the comparatively slow rate of 
progress, the necessity for frequent renewal of cutter-picks, and the 
undue wear and tear on the machine, it may frequently be more 
economical to perform the undercutting in the seam itself, even 
although a considerable percentage of the coal is practically lost as 
the outcome. 

The following example shows the comparative costs of machine- 
holing in stone and in coal : — 

Comparative Costs of Machine-Holing in Stone and in Coal.^ 





Holing in Stone — 


Holing in Hard Coal 




Actual. 


— Estimated. 


Results : — 






Average distance cut per shift 
Average output per shift 
Proportion of round coal 
Selling value of output — round 
coal, at 7s. 6d. per ton 


30 yards. 
27 tons. 
60 per cent. 

16 tons 6 cwts. 


60 yards. 
54 tons. 
53 per cent. 

28 tons 14 cwts. 


Selling value of output — small 
coal, at 2s. 6d. per ton 


10 tons 14 cwts. 


25 tons 10 cwts. 


Selling value of output— totals . 


£7, 10s. 6d. 


£13, 198. 


,, ,, averages, per ton 


5s. 6^d. 


5s. 2d. 


Costs : — 






Machine labour, at 19s. per shift. 






per ton 


8 -sod. 


4-25d. 


Power 


1-OOd. 


0-60d. 


Cutters, oil, etc 


1-OOd. 


0-60d. 


Repairs 

Stowing dirt .... 


l-50d. 
1-OOd. 


0-75d. 
0-OOd. 


Interest and depreciation on coal- 
cutter, cables, etc., at 18 per 






cent, per annum 


2-85d. 


l-43d. 



Totals . . Is. 3-85d. 7-43d. 



Summary : — 

Saving in cost by holing in coal, per ton . . . 8*42d. 

Reduction in average value of output, per ton . . 4 'SOd. 

Nett saving in cost by holing in coal, per ton . . 3-92d. 

Gain of output, per shift 20 tons. 

Reduction of oncost by the doubled output from the 

seam, per ton 50 per cent. 



^ Trans. Inst. M. E., vol. xxxi. p. 378. 
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Direction and Length of Machine Face 

The direction or " lie " of the machine face depends upon various 
circumstances. 

If the seam lies at a slight angle of inclination it is sometimes 
considered best to have the machine-face parallel or almost parallel 
to the line of full dip, with headings to the "rise," say, every 50 or 
60 yards, and gate roads running level course, off the headings, at 
intervals of from 10 to 12 yards. 

In seams above 4 ft. 6 ins. in thickness this method works 
admirably. 

As only a single line of rails is necessary in the gate roads, the 
latter may be kept very narrow, and consequently, if the roof is 
none too strong, the narrow roads are much easier to maintain 
than would be headings to the "rise" necessitating a double road. 
Considerable saving in timber and repairs may thus be sometimes 
effected. 

Another system which is very popular in Scottish mines, and has 
much to commend it, is to have the line of machine face running 



Comparative Costs of Machine - Mining with Gate Roads spaced 
22i Yards and 15 Yards apart ; Seam, 2 Feet 9 Inches thick ; 
AND Undercut, 3 Feet 9 Inches deep.^ 



Distance between gate 
roads . yards 

Length of face yards 

Coal undercut per cut- 
ting shift . tons 

Number of gate roads . 

Coal per place . tons 

Fillers per place . 

Output per filler per 
shift . . tons 

Total output filled per 
shift . . tons 

Time required to clear 
face . shifts 

Output carried per gate 
road per shift . tons 

Face advanced per 
working day . leet 

Proportion of small 
coal . . per cent 



I. II. 



I 

135 


15 1, 
135' 


130 1 
6 

21-5 
2 


130 
9 

14-2 
2 


H 


7 


65 


130 


2 


1 


10-5 


14-2 


n 


3| 


23 


20 



Costs per ton — 

Machine labour 

Getting and filling . 

Tramming 

Heading and day 
work . 

Electric supply and 
cutter-picks 

Repairs to coal 
cutter . 

Interest and depre- 
ciation of coal 
cutter . 

Ripping roads 

Maintenance of 
roads . 

Underground oncost 

Totals . 



I. 


II. 


2-Od. 

Is. 5-Od. 

1-Od. 


2-Od. 

Is. 1-Od. 

1-Od. 


1-Od. 


1-Od. 


1-Od. 


1-Od. 


0-5d. 


0-5d. 


l-2d. 
4-Od. 


0-6d. 
6-Od. 


1-Od. 
6-Od. 


0-5d. 
3-Od. 


2s.lO-7d. 


2s. 4-6d. 



1 ** Practical Problems of Machine-Mining," by Mr. Sam. Mavor, Trans. Inst. 
Min. Eng.y 1904, vol. xxxi. 
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level course, with headings to the "rise" at intervals of anything 
from 10 to 20 yards. 

The headings are branched off main levels, and are allowed to run 
from 50 to 60 yards, when other levels are set away higher up and 
nearer to the working face. 

The principal advantage to be gained from laying out the workings 
after this fashion is a greater possible output per man, due to the fact 
that the face, as far as possible, is always at a minimum distance from 
the main haulage roads, and the cost for hand drawing is, in con- 
sequence, comparatively little. 

Other considerations, such as the line of cleavage, the line of face 
resulting in the production of the maximum proportion of round coal, 
the keeping of the roof, etc., must, of course, influence to a great 
extent the most profitable direction of machine face. 

The table on previous page shows the comparative cost of machine- 
mining in two instances with the gate roads differently spaced. 

The following additional particulars relative to the working of 
coal-cutting machines under varying conditions, being records of 
actual cases supplied to the authors, may be found of special 
interest : — 

Section of Seam worked by Coal-Cutter. 

Blaes, 3 to 8 feet . . . . \ 
Black stone, 1 foot . . . .1 Strata 
Inferior coal, 9 inches . . . j composing roof. 
(Roof) stone (soft), 10 inches . . J 

[ Coal, 2 feet 10 inches. 
Height of seam as worked, 5 feet - 
1 inch 

Eock pavement. 



Stone, 7 inches. 
Coal, 1 foot 8 inches. 



The machine face lies level course, and the system of " laying-out " 
adopted is that of main levels with headings direct to the rise at short 
intervals apart. The headings are allowed to run a distance of 
about 60 yards, when they are cut short by a new main level higher 
up the seam. 

The coal-cutter used is of the " Pickquick " type, the motor being 
of 22 B.H.P., and taking from 30 to 35 amperes at 450 volts in 
ordinary working. 

The following are some particulars relating to the working of the 
machine : — 



16 „ 



Total length of machine face. . . 112 yards. 

Distance between headings . 

Number of headings 

Width of headings 

Number of men in each heading * 

Output per heading per shift 



9 feet. 

3 

13 to 14 tons. 



Men do stowing in addition to filling the coal. 
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Number of machinemen 

Number of men "gumming " machine 

Output from "gummers" per shift 

Duration of cutting shift 

Average duration of actual cutting 

Average loss of time, from stoppages 

breakdown, etc. 
Position of holing 
Nature of holing . . • . 
Depth of holing .... 



3 

3 
15 tons. 
lOJ hours (about). 

3 hours. 
Floor level. 
Coal (hard). 

4 feet. 



Particulars of Working of Hurd Bau Machine at a Fifeshire 

Colliery. 



Length of machine face 

Number of headings 

Distance apart 

Width of headings 

Number of men in each heading . 

Output per heading per shift 

Total output from machine per shift 

Number of machinemen 

Number of stowers 

B.H.P. developed in machine 

Voltage 

Amperes ..... 



120 yards. 
10 

12 yards. 
9 feet. 
2 
144 to 15 tons. 
150 tons. 
3 
6 

18 to 20. 
450 
23 



In addition there are three men required to drill shot-holes, and 
also one shot-firer. • 

The seam is of the following section : — 



Soft blaes 

Top coal ...... 

Bottom coal 

Strong band of friable sandstone, wliich 
collapses immediately on being cut 

Inferior coal 

Fireclay (in which holing is done) . 



3 to 12 feet. 

2 feet 6 inches {roof). 

3 ft. 11 ins. {scam worked). 

7 inches (about). 

3 

4 



j» 



»> 



The cutter bar was seldom damaged and very little retarded by 
the continual collapse of the sandstone. 

In thin seams a considerable saving may often be effected by the 
employment of electric coal-conveyors. 

The gate roads need only be at distances apart varying from 50 to 
100 yards, and this certainly means a great saving in thin seams 
where a thick brushing must be taken down in all roads in order to 
obtain sufficient height for tub-filling. The machine face may be of 
any length, according to the cutting capacity of the machine, the 
number of machines at work, the time required to clear away the 
coal, and the system of working best adapted to the nature of seam 
and roof. 

If only one machine is in use, and one filling shift is able to clear 
away the coal produced, then the length of machine face should 
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correspond with the realised cutting capacity of machine, some slight 
allowance being made for stoppages, repairs, etc. 

Where circumstances permit, this is perhaps the best arrangement 
of all, as it lends itself to regular output and uniform daily advance 
of face, with the consequent obvious advantages. 

Where more than one machine is at work under conditions similar 
to above, the machine face may be lengthened accordingly, one 
machine commencing to cut where another leaves off. 

If it is found that two filling shifts are required to clear away 
the coal produced by one machine, the face should be twice as long 
as the machine can cut in one shift, in order to allow of the machine 
being at work regularly every night. 

Another arrangement is to have two or more machines following 
each other across the same face, the coal undercut by each machine 
being, of course, taken down and cleared away ere the following one 
comes along. 

Division of Labour 

1. McLchinernen, — As a rule three men are necessary to manage 
each machine — one to be constantly in attendance at electrical end of 
coal-cutter, to start, stop, regulate, or reverse ; another to watch at 
cutter end, keep cutter clear of fallen coal as far as possible, and 
assist in preparing the ground beyond for the advance of the machine ; 
and a third to set suitable props, knock out others if necessary, 
arrange battens, etc., to accommodate skids, and generally to clear and 
prepare the way for the advancing coal-cutter. 

2. Stowers, " Gummers" and Timbermen. — If the holing is done 
in a band of dirt or stone which readily parts away from the seam, 
it is generally thought a good arrangement to have a gang of men 
termed " s towers," who clear away the rubbish into the waste before 
the coal is taken down. 

The stowers very often do the timbering of the places in addition. 

Where the coal is clean throughout, stowers are, of course, 
unnecessary. If the holing is done in the coal, "gummers" are 
sometimes employed to clear away the "gum " or holings made by the 
machine. The " gum " is thus kept separate from the round coal, and 
is generally used for the boiler furnaces. 

3. Fillers. — The number of fillers necessary to clear away the 
coal produced by a machine depends principally upon the thickness 
of the seam and the expedition with which the full tubs can be 
removed and replaced by empty trams. 

In a seam 4 to 5 feet thick, one machine may produce anything 
from 120 to 200 tons per shift, and one man and a boy, under 
favourable conditions, can generally cope with from 35 to 40 tubs of 
coal, each containing from 7 to 8 cwts. 
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This would give an output from each man and boy of from 13 to 
15 tons per shift. 

Ten men and ten boys would thus be capable of coping with from 
130 to 150 tons per shift. 

The fillers generally contract to fill away the coal only, and to run 
the tubs down the headings to the levels, and have nothing to do 
with stowing, timbering, etc. 



Types of Electric Coal-Cutters 

Coal-cutting machines are generally classified according to the 
nature of their cutting appliances, and electrical coal-cutters may be 
divided into the following four distinct classes : — 

1. Pick or puncher machines, in which the coal is chipped away 
by a succession of rapid blows. 

2. Revolving-bar machines, which cut or grind away the coal. 

3. Disc or circular saw machines, which also cut away the coal, 
but in which the teeth are fixed on the circumference of a horizontal 
wheel instead of a tapered bar. 

4. Chain machines, in which the cutters are attached at intervals 
to the links of an endless chain. 

In deciding which of the four types to adopt,, the principal points 
to be considered are : (1) Speed of cutting as proved by attested 
records of actual performances in different seams, (2) strength of 
machine and the working parts especially, (3) liability to or freedom 
from breakdown, (4) adaptability to different and differing conditions, 

5) ease with which repair and renewal of parts can be effected, 

6) noise made whilst working, and (7) convenience of changing and 
refitting cutter-picks. 

The revolving-bar and the disc coal-cutters most satisfactorily 
fulfil the requirements of a reliable machine, and are probably the 
best of the four types, although the chain machine has also proved 
very successful under certain conditions. 

In describing the different makes of machines included in each 
type, some particulars of actual performances will be given which may 
enable a truer estimate to be formed of the respective merits of the 
various machines. 



[ 



The Pick Machine 

Although there' are many excellent pick machines in use for 
machine-mining at the present moment, practically the whole of 
them have compressed air as the motive power, and there is really 
only one successful machine of the puncher type at present on 
the market which derives its energy from the electric current; 
and even this ingenious machine cannot be said to be entirely 
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motor-drben, as it owes much of its practical adaptation to a clever 
mechanical combination of spring and cam. 

The comj)aratively few attempts that have been made to pi-oduce 
a really successful electric pick machine, may be said to be principally 
due to the great mechanical and electrical difliculties that hamper the 
production of a reciprocating motion within the small compass 
necessary in a handy coal-cutting machine. The inventors of the 
Morgan-Gardner pick machine, which is the one above referred to, 
are perhaps the only patentees who have successfully overcome these 
many difficulties, and placed at the service of the mining world a 
coal-cutter of the puncher tyjie which possesses the indispensable 
advantage of handiness and efficiency. 

In the Morgan-Gardner machine (see Fig, S&) the motor is situated 
at the rear end of the machine carriage. Through bevel and spur 
gearing the motor imparts a circular motion to a cam mounted on a 
suitable shaft. 



The action of the machine is simple and easily understood, and is 
as follows :— 

The reciprocating piston, which works in a suitable casing, is 
caught by the revolving cam and drawn back in the cylinder against ' 
a powerful spiral spring fixed at the back of the casing. The piston, 
■ forced by the motor-driven cam, compresses the spring to a high 
tension, and on the cam slipping the piston, which is made to 
occur at the termination of the backward stroke, the spring in 
regaining its natural position shoots the piston with terrific force to 
the other end of the cylinder. Here the cam again catches it, and 
draws it back as before. 

The stroke of the piston is about 8 inches, and it runs from 175 
to 225 complete strokes per minute. 

The machine is 7 feet long, 21 inches wide, and weighs about 
750 pounds. 

It is mounted on a light steel carriage, by means of which it can 
be conveniently and expeditiously removed from place to place. 

The motor is adapted for continuous current, and the armature is of 
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the toothed grttmme ring type, with the coils wound below the surface. 
The machine is very suitable for working in pillar and stall headings 
and rooms, main levels, main intake and return air-ways, and all 
classes of narrow work. 

It is said to be capable of cutting a lineal distance of 60 feet, 
4 J feet under, in a shift of 9 hours, and it requires only two 
operators. 

Kevolving-Bar Machines 

The revolving-bar type of machine lays claim to be the strongest 
and most reliable of all the types of coal-cutters, and this claim rests 
on the fact that the cutter, being a tapered solid bar of nickel steel, is 
mechanically stronger and less likely to give trouble than the revolving 
wheel of the disc type or the endless chain of the chain machine. 

The bar machine undoubtedly possesses a notable advantage 
is the working of soft, friable seams, which readily fall when 
undercut. 

In such seams the falling coal would get between the spokes of 
the revolving wheel in the disc machine, obstruct its passage, choke 
the motion of the disc, and probably cause derangement or breakage 
of some of the working parts, if the machine were not immediately 
stopped and the coal cleared away. 

In the same way the fallen coal would obstruct the motion of the 
endless chain in the chain type of coal-cutter, necessitating the 
stoppage of the machine and the clearing away of the coal as before. 
On the other hand, the revolving bar crushes its way through the 
falling coal with little or no damage at all to the cutting tool. In 
the case of the disc machine the use of a solid disc may of course 
obviate to some extent the risk of damage from falling coal. 

If in the process of undercutting some hard substance be met with, 
the bar machine is probably able to cut through the obstacle with less 
risk of damage to cutters^ etc., but it possesses the disadvantage of a 
greater tendency to overleap the hard substance instead of cutting 
through it, and if it does this, of course, an enormous strain is put 
upon the cutting bar due to the inner end of the bar attempting to 
rise over the obstacle while the outer end of the tool remains at the 
level of the ordinary holing, or vice versa. The " Pickquick " coal- 
cutter is a popular type of the bar machine. 

It consists essentially of five parts, namely: (1) Cutter-bar; 
(2) gear-head ; (3) motor ; (4) switch box ; (5) haulage gear. 

The Cutteriar, — The cutter-bar is made of nickel steel, and 
is machined out of the solid. The bar is threaded spirally so as to 
form a kind of worm conveyor, as in ordinary twist drills, for bringing 
out the cuttings and clearing the cutting picks. Taper holes with 
" feather " ways are provided at intervals on the spiral thread, and 
also between the threads into which the cutt<er-picks are inserted. 
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The cutter-bar can be supplied with either right-hand thread or with 
left-hand thread. 

The bars should be rotated only in the same direction aa their 
threads take (looking from root to point of bar), the main idea of 
the threads being the clearing away of the cuttings of the tool, 
and if the bar is rotated in the opposite direction from the 
travel of the thread the worm conveyor will fail to bring out the 
cuttings. 

Again, if an attempt is made to rotate either a right-hand 
threaded bar or a left-band threaded bar in both directions there is 
a strong tendency, when revolving in the wrong direction,— if the 
holing is done in a band of hard 
clay, stone, or inferior coal, with a 
softer bed of coal above, — for the 
cutting-bar to rise above the level 
of ordinary holing, and to enter 
into the coal seam. 

The authors know one particular 
seam, somewhat of the above- 
mentioned section, in which it was 
attempted to work with a right- 
hand threaded bar in both directions, 
and the bar Invariably ran up into 
the softer coal bed when being 
rotated in the wrong direction, 
with the result that the ordinary 
holding band was left adhering to 
the pavement, and had to be picked 
up by hand. 

The cutter-picks (see Fig. 89) 
are made in two styles — single 
" " iwinted and double pointed. 

Fig, 89.— Cutter-pick. Referring to Fig. 90, the follow- 

ing is a brief description of the 
arrangement of the working parts of the entire machine : — 

The shaft or spindle of the armature S runs in the bearings 
H and T. 

At the gear-end of the armature shaft is the bevel pinion P, 
which engages with and gives motion to the crown bevel wheel M. 
This crown bevel wheel gives motion to the long boss O of the 
mitre wheel L, rotating the latter also, of course, in the process. 
The mitre wheel L is geared into the cutter-bar mitre wheel K, 
through which motion is transmitted to the cutter-bar B. 

The reciprocating motion is obtained from the worm seen on the 
boas of the bar-driving pinion K gearing with the two small 
toothed wheels H, each of which drives a toggle by means of an 
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The cutter-bar packing gland ia also done away with, and the 
cleaner blade broadened, a larger x>erceRtage of th^ cuttings b^ing 
brought out of the holing in consequence, 
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Another improvement which is worthy of mention relates to the 
tilting or levelling adjustment of the cutter-bar. 



The rear end of the machine is mounted on two screwed columns, 
jointed to the skida, by means of which, through side shafts workable 
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from both ends of the machine, the latter can be raised or lowered 
and the cutter-bar tilted or levelled as desired. 

The machine, like nearly all modern coal-cutters, can be provided 
with either direct current or three-phase motors, wound for any 
suitable voltage or periodicity. 

The dimensions of the standard three-phase machine are : — 



Jjength over skids . 
Width over skids . 
Height of machine 
Depth of undercut 
Weight of macliine 
Power of motor 



8 ft. 4 in. 

3 ft. 8 in. 

19 in. 

3 ft. 4 in. to 4 ft. 

26 cwts. 

16B.H.P. 



The Disc Coal-Cutter 

The disc type of coal-cutter, so far as can be judged from the 
number of machines in use, is the most popular type of machine 
in this country. 

From statistics given in the Home Office Reports for the year 
1905, it is found that out of a grand total of 946 coal-cutting 
machines in use in British mines, no less than 580 are machines 
of the disc type. 

Some advantages possessed by the disc coal-cutter which may 
account for this undoubted popularity are : (1) Speed of cutting 
attainable, which actual working results have proved to exceed that 
of other types of machines in similar ground ; (2) ability of cutting 
wheel to effectually clear away holings ; (3) small height of material 
cut away in holing — an important advantage in thin seams where the 
undercutting is done in the coal. 

Its disadvantages are : (1) Unsuitability for working a seam 
which readily falls when holed, — the falling coal would choke and 
perhaps seriously damage the cutting wheel and bearings ; (2) the 
wheel bearings are underneath the coal. 

The Diamond Coal-Cutter 

One of the best of the disc type of coal-cutters is the machine 
known as the Diamond coal-cutter. 

In this machine the cutting teeth are fitted into specially 
designed cutter-boxes, each box containing three teeth. On the 
disc or cutter- wheel are a number of lugs, from 10 in the 5 feet 
wheel to 15 in the 7 feet, and on each of these lugs a cutter-box is 
made to fit. 

By means of the cutter-boxes the operation of changing the 
cutting teeth is greatly simplified and expedited. Also, when it 
is required to cut both ways, all that needs to be done is to turn 
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the boxes upside down, the teeth then facing the other way, and, 
of course, reverse the motor. 

The revolving disc is supported by a strong steel jib bolted to 
the frame of the machine. The power is taken from the motor 
shaft through bevel gearing. The speed is then further reduced by 
means of spur gearing, and the outer gear wheel gears into suitable 
teeth on the rim of the revolving disc. (See illustration.) This 
arrangement may be said to be practically the same in nearly every 
coal-cutter of the disc type. 

The speed of the disc is from 12 to 15 revolutions per minute. 
The machines are sometimes single motor, but they are now more 
often fitted with two motors — one on either side of the cutting-wheel. 
By the use of a pair of motors the wheel is more evenly balanced, 
and for a given power of machine the motors can be smaller, and, 
in consequence, the machine of a lower build. 

The motors may be either of the series-wound continuous current 
type or of the polyphase type, and the B.H.P. of each motor varies 
from 10 to 16. 

When a low voltage of, say, 200 to 220 is used the motors may 
be connected up in parallel, but with voltages of from 400 to 500 
they are run in series. 

Fig. 95 shows the standard Diamond machine, fitted with two 
polyphase current motors of 10 B.H.P. each. Its overall height is 
19 inches; width, 3 feet 6 inches; length, 9 feet 6 inches; approxi- 
mate weight, 40 cwts. ; and it undercuts to a depth of 5 feet. 

Andkeson-Boyes Electric Coal-Cutter 

This is another excellent machine of the disc type. In the 
standard machine a shunt- wound motor of 35 B.H.P., running at 810 
revolutions per minute, is employed. 

The standard machine holes to a depth of 4 feet, with a height 
of cut of only 3 J inches. There are in all 20 cutter picks on the 
disc, 10 double-pointed and 10 single-pointed. The cutters are fitted 
into slots on the circumference of the disc (see Fig. 96), and held in 
position by means of cotter pins. 

A feature of the machine is the special arrangements for adjusting 
the position of the brushes on the commutator. The brush rocker is 
operated from the outside by means of worm gearing, and two small 
glass windows are provided in the casing to enable adjustment to be 
made. 

The machines may be made to run on rails, or they can be fitted 
with skids. 

The standard size of machine is 8 feet 6 inches in length and 
3 feet wide. Its total height is less than 19 inches, and its weight 
about 2 tons 5 cwts. 
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Fig. 96 shows the machine ranning on raila. 

Below is given data of the work done by an Andersoii-B 



coal-cutter working in an 18-inch aeam in Lanarkshire. The machine 
cuts to a depth ot about 3 feet 6 inches, and worlw on a face 180 yards 



ELECTRICITY APPLIED TO COAL-CUTTING 163 

in length. The figures show the splendid work which this machine 
is capable of performing : — 




Hours in 


Average per 


cutting. 


Hour. 


9 


13-9 


1 7 


12-9 


: 8 


13-8 


1 lOi 


13-3 


8 


12-5 


1 10 


10-5 


10 


12-5 


H 


14-5 


68 


12-9 



The Crescent Machine 
/' 
This machine, shown in Fig. 97, is made by Messrs. A. Hirst 

& Sons Ltd., of Dewsbury, and its adoption has been attended 
with exceptional success in many instances. 

The machine is built in three separate portions, and for removal 
from place to place can be expeditiously disconnected. The first 
portion of the machine contains the motor, the second the whole 
of the gear, and the third the haulage gear and starting switch. 

The cutting-wheel is made in halves, and the cutters are fastened 
on to the wheel by means of the makers' improved jjatent cutter- 
boxes. 

The motor is of 25 B.H.P., and is totally enclosed. The 
armature is of the slotted drum type, insulated throughout with 
best mica. 

Carbon brushes are used, and these are mounted on a movable 
rocker-arm for ready adjustment. 

The field magnets are series-wound, giving great starting torque. 
The reversing switch and trailer plug terminals are all inside the 
motor box. 

The starter is fitted with a heavy D.P. barrel switch provided 
with magnetic blow-outs. 

The cutting wheel, which is situated in the centre of the machine, 
is reversible, and works equally well both ways. 

The standard size of the machine is 8 feet 6 inches overall length ; 
width, 3 feet 6 inches ; and height, 22 inches. Fitted specially for 
thin seams, the machine stands only 17 inches high. 



Till' nmrliiiii' mil, Iiuhtvi'V, li.t iiiiulu of any sizu to suit require- 
'iil*, mill ritii III' liml ti> itmlon^iit to any dcgith from 4 to 6 feet. 
'I'lin liimlinti' H»'in' i" 'it tliu iwiiiil tyi-c, and the adjustable ratchet 
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arrangement can be set while the machine is running to any number 
of racks from the maximum down to nothing. 

There are several Crescent coal-cutters at work at a large 
Yorkshire colliery, and the undernoted particulars of the performance 
of one of these as given by the manager of the colliery may be 
found instructive : — 



Particulars of seam 

Thickness of coal 
Nature of cutting 



Nature and character of roof 
Nature and character of floor 



Very hard coal, with sticky top 
and strong spavin floor. 

2 feet 6 inches. 

Very hard and drossy coal and 
dirt, 6 inches thick, under- 
neath seam. 

Shale roof, very tender. 

Strong spavin which soon lifts 
and makes a bad and uneven 
floor. 



Inclination . . ... 


About level. 


Performance of machine — 




Length of face 


80 yards. 


Depth of cut 


4 feet 3 inches. 


Average cut per minute 


14 inches. 


Actual time of cutting across 




race . ■ . . . 


5J hours. 


Number of shifts per month 




of four weeks . 


20. 


Distance cut per month of 




four weeks 


1,600 yards. 


Output per cut . 


90 tons. 


Output per month of four 




weeks .... 


1,800 tons. 


Advance of face per month 




of four weeks . 


28i yards. 


Power required .... 


20 H.P. (maximum). 


Volts 


440. 


Amperes ..... 


25 to 35. 



The Jeffrey Disc Machine 



This machine is very similar to the three already described. It 
is specially designed to suit thin seams, the overall dimensions being 
— length, 8 feet 2 inches; width, 3 feet 8 inches; height, 19 inches; 
and total weight, 33 cwts. The cutting wheel is made of various 
sizes — from 4 to 6 feet diameter being the favoured sizes. 

The motor is situated in the centre of the machine, and is shunt- 
wound. The fast running gear works in an oil-tight casing, and 
copious lubrication can thus be constantly effected. The feed is 
obtained from an eccentric which, through a connecting rod, actuates 
the ratchet and pawl arrangement. 
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Other Disc Machines 

The Clarke & Stevenson disc machine has also been successfully 
worked in many instances. In the latest type of this machine worm 
gearing has been substituted for the spur gearing originally employed. 
The worm gearing runs in an oil bath. It has been found that, with 
worm gearing, the machine makes considerably less noise when 
working, and also that less power is consumed. 

The King coal-cutter is another machine of the disc type, made 
by a Leith firm. In this machine the cutters are attached to projec- 
tions on the periphery of the disc by means of eyebolts. The cutters 
are fixed singly and are given an alternate upward and downward 
set, so as to make sufficient cut to clear the disc. 

Electric Coal-Cutters of the Chain Type 

The chain type of electric coal-cutter, although possessing several 
advantages peculiarly its own, cannot be said to be in very general 
use in British mines, and at the present moment there are only some 
55 chain machines at work compared with about 150 bar machines 
and about 600 coal-cutters of the disc type. 

In the United States, however, the chain coal-cutter is extremely 
popular, and is much more extensively used than either the bar or 
the disc type. 

The chain machine can be used of a lighter make than its two 
rival varieties for the same class of work, and this is considered more 
advantageous. 

The speed of cutting compares very favourably with that of the 
other types of machines. 

Another advantage claimed for the chain machine is the low 
height of holing taken, but in this respect the disc machiiie can 
stand comparison with it. 

The Goodman Standard Longwa:ll Machine 

Fig. 98 illustrates this type of chain coal-cutter. The machine 
is arranged for undercutting, and is built on a steel frame about 
7 feet in length and 2 feet 8 inches wide. The frame is supported 
on steel shoes or skids to enable it to travel on the floor of the seam. 
The motor is situated about the centre of the frame. The armature 
shaft pinion is geared into the sprocket wheel shown in the illustra- 
tion, and this wheel in turn actuates the cutter chain. The chain 
runs on a steel arm or jib projecting at right angles to the framework. 

The machine is built to undercut to three specified depths, 38 
inches, 44 inches, and 50 inches. 

The cutter arm is mounted on a swinging frame, and by the 
simple manipulation of a lever it can be tilted up or down, as may 
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be required, when any hard aubatance is encountered in the holing. 
The usual feed arrangement is provided. This machine has done 



Flu, 88.— Goodman ioiigwall chaiu niacliiue. 

excellent work ia the United States, and also, in some instances, in 
this country. 

Jeffrey Chain Machine 

This coal-cutter is a breast machine, making its cut straight to 
the front, and is specially designed for pillar and stall and narrow 
work. See Fig. 99. 



Fig. 89.— Jeffrey breast chain machine. 

It consists of a bed frame which is stationary, and a sliding chain 
cutter frame which, as its name implies, slides inside the bed frame. 
The cutter chain, on which are fastened the cutting teeth, is carried 
on the sliding frame, and at the rear end of the latter the motor is 
situated. 

Through spur and bevel gearing the motor drives a sprocket- 
wheel which actuates the chain. As the cutter chain revolves and 
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cuts into the coal it is kept up to its work by the slow forward 
movement of the sliding frame which carries the chain. 

The sliding frame is worked by means of a double rack with 
which the spur-wheels engage, the latter being driven through worm 
gearing from the motor. 

When the chain has reached the end of the cut the gearing is 
reversed by means of the reversing clutch, and the chain withdrawn. 
The machine is then moved sideways bodily and fixed into position 
for another cut, which is done alongside the previous one. 

The motor is of the multipolar steel-clad tyj^e, and where necessary 
is totally enclosed. 

The machine cuts to a depth of from 5 to 7 feet, with a width 
of cut of 44 inches. 

The cutter-picks are held in position by means of pinching screws. 

For pillar and stall and heading work the Jeffrey machine is 
extensively employed, and has done good service in many instances. 
The authors can cite one instance where the cost of driving a 
heading was reduced from 24s. to 13s. per yard, and the rate of 
travel, of course, also greatly increased. 



Andbkson-Boyes Longwall Chain Machine 

This is another excellent machine of tjie chain type (Fig. 100). 
It has done good work in numerous instances, and under favourable 
conditions claims to do more rapid work than either the disc or the 
bar types. 

For one thing, the endless chain with cutters attached forms an 
excellent conveyor, and sweeps out the holings very efficiently, thus 
enabling the cutters to work with great freedom. 

The Anderson-Boyes machine is supplied with either continuous 
current or alternating current motors. 

With continuous current motor, the machine is 16 J inches high; 
with alternating current motor it is 20 J inches high. Its overall 
length is 8 feet 8 J inches; width, 2 feet 11 inches; and cutting depth, 
4 feet. It weighs about 37 cwts., and can be arranged to cut either 
at floor level or at any height above the floor. 



The Diamond Patent Longwall Chain Machine 

This machine is specially designed for undercutting in soft or 
friable coal. 

The machine can be made to cut in both directions, the cutting 
tools being simple in construction and readily reversible. 

The standard depth of undercut is 4 feet 6 inches ; width of cut, 
4^ inches; and the extreme width of jib under the coal, 18 inches. 
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The overall height of the machine holing at floor level ia under 
20 inches. 



The machine ia made in two tyiKS — the one to undercut, the 
other to overcut. The undercut type is illustrated in Fig. lOL 

The motors may be either the continuous current or polyphase 
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types, and the machines can be had single or double motored as 
desired. The horse-power of the machine shown in the illustration 
is 20 B.H.P. 

The Jeffrey Electric Shearing Machine 

This machine is designed for shearing purposes in narrow 
drivages, tunnelling, and similar operations. 

The machine consists of three parts — the bed frame, the sliding 
chain cutter frame, and the motor carriage. 

The stationary frame is supported on four iron columns, which 
are each provided with jacks for fixing against the roof of the 
working. See illustration (Fig. 102). 

The motor is of the four-pole type, with gramme ring armature 
and two field coils. 

The modus operandi is as follows. The machine is placed in the 
desired position with the cutter chain close to the face of the coal, 
and the jacks firmly jammed against the roof. 

The machine is then raised up the standards to the top of the 
seam, and the first cut commenced. 

After the cut has been completed the machine is owered a 
distance equal to the cut, which may be anything from 36 inches to 
48 inches deep, and the machine is then in position for a second cut. 
With a cut 36 inches deep, only two cuts are necessary in a 6 feet 
seam ; and with a 42-inch cut, two cuts will suffice for a coal 7 feet 
thick. 

The machine is said to be capable of completing a shearing 
7 feet deep and 4 inches wide in a 7-feet seam of moderately hard 
coal in about 20 minutes, including placing in position and adjusting 
jacks. 

Goodman Low-Type Breast Machine 

This machine, like the Jeffrey header, is designed for working in 
pillar and stall workings and in the narrow work necessary in opening 
out longwall. 

The machine consists of an electric motor attached to a travelling 
frame which carries the cutter chain, and which is actuated from the 
armature shaft of the motor through suitable gearing. 

It is carried in a stationary steel frame, and is free to slide, in 
either direction, between guides. When the machine is working the 
stationary frame is held in position by means of the two jacks, one 
being at the back of the machine and the other at the front. 

The cutters on the chain are so arranged that they make a kerf 
in the coal just sufficient to allow the travelling frame, which carries 
the cutter chain, to follow in the track of the cutting teeth. 
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In fixing the machine for a cut, the front jack is aet hard against 
the coal face, and the rear jack is jammed against the roof. The 
total height of this machine is only 19 inch&s. 

Power Tkuck for Chain Breast Machines 

Where the chain breast machine is used for undercutting in 
narrow work it is necessary that the machine be often shifted from 
place to place. In order to facilitate the transportation of the 
machine from one place to another, the Goodman Company have 
" I power truck which is driven by the motor of the coal- 



Fki. 103. — Power truck for oliain lireast machine. 

cutter. Fig. 103 shows the power truck. It will be noticed that 
the power is transmitted to the wheels of the carriage by a link belt 
connection. 

The Stanley Headin(i Machine 

This well-known heading machine, which was originally designed 
to be driven by compressed air, has recently been arranged for 
electric driving with much success. 

The machine is used princijially for driving important headings, 
and for narrow work generally. The cutting teeth are arranged on 
two cutter-bars which are attached to a cross-head. This cross-head 
is fastened on the main shaft, which is driven through gearing from 
the shaft of the motor. The cutter-bars carrying the cutting teeth 
revolve in a circle, and carve, cut, or chip out a circular core of coal. 
As the cut deepens, the cutters are kept constantly hard against the 
face of the coal by means of a screw thread on the main shaft 
working in suitable gearing. The rate of advance can be regulated 
to suit the character of the metala being cut. The entire machine 
weighs between 3 and 5 tons, and the horse-](Ower of the motor may 
be anything from 20 B.H.P. to 30 B.H.P., according to the size and 
weight of the machine. 
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It is said to be able to cut a circular hole in the coal, 5 feet in 
diameter, and about 14 feet in, in a shift of 8 hours, including 
shifting and setting the machine. 

Power consumed by Coal-Cutting Machines 

As the actual work done — plus the frictional losses — must always 
be equivalent to the electrical energy consumed, the power required 
will depend upon : (1) The hardness of the material being undercut; 
(2) depth of undercut and speed of cutting ; (3) condition of cutters ; 
(4) friction of gearing ; and (5) losses in motor and cables. 

Mr. Sam. Mavor makes the following statements : ^ — 

" Considered simply as a machine, the eflficiency of a coal-cutter, 
that is, the energy absorbed, divided by the square yards under- 
cut, is highest when the machine is worked at full power. 

" The internal losses in a coal-cutter are approximately constant 
for any load, and therefore the greater the load (up to the limit of 
full power) the less proportion of the total energy delivered to it is 
lost in the machine. 

" One square yard undercut may be adopted as a convenient unit 
of work done by the machine, and the Board of Trade unit of 
electricity (1000 watt-hours) as the unit of energy supplied to it. 

" The cost per ton of output will, of course, depend upon the cost of 
the energy delivered to the coal-cutter, and upon the thickness of the 
seam. 

"At collieries where electric plant is not already installed, or 
where electric plant for coal-cutting cannot be associated with elec- 
trical requirements for other power purposes, it is more economical, if 
only a few coal-cutters are to be considered, to purchase the supply 
from an outside source, where this is available on moderate terms, 
than to instal an electric plant for coal-cutting. 

"Coal-cutters, considered as power-users, must be classed as 
* intermittent,' for only under favourable conditions are they in 
operation for more than half the cutting shift." 

Mr. Mavor gives the following two examples of the cost of power 
supply from actual practice at collieries where electricity is purchased 
by meter : — 

Cost of Electric Driving of Coal-Cutting Machines. 

Colliery. A. B. 

Holing material ..... Coaly band. Coal. 

Position of holing .... 16 inches above At pavement. 

pavement. 

Depth of cut 3 feet. 3 feet. 



^ "Practical Problems of Machine Mining," Trans. Inst. M. E., 1906, vols. 
xxxi. and xxxii, 
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Colliery. 

Thickness of coal 

Distance cut per shift 

Lineal cutting speed, per minute 

Power exerted by motor 

Energy lost in cables . 

Energy ^ expended per square yard cut 
,, ,, ton produced 

,, ,, shift worked 

Rate of charge for electrical energy 

Cost of energy per square yard cut 

ton produced . 
shift worked . 



>> 



>» 



>> 



>» 



A, 

25 inches. 
110 yards. 
21 inches. 
9 brake-H.P. 
2i per cent. 
0'212 unit. 
0-330 unit. 
23*500 units. 
Id. per unit. 
0-212d. 
0-330d. 
Is. ll-500d. 



B. 

25 inches. 
115 yards. 
14 inches. 
13 brake-H.P. 
3 per cent. 
0-290 unit. 
0-450 unit. 
33-300 units. 
Id. per unit. 
0-290d-. 
0-450d. 
2s. 9-300d. 



Where an independent generating plant for colliery use only is 
installed, the cost of electric driving of coal-cutters is often much 
higher than that shown in the above table, and if the current be used 
for coal-cutting alone, both installation outlay and cost of generating 
may be considerably less productive of ultimate profit. 



Haulage Arrangements for Longwall Machines 

In working a coal-cutting machine on a longwall face it is 
necessary that the machine be kept constantly up to its work. This 
is eflfected by means of the haulage gear, which is practically the same 
in every type of longwall machine. A light steel wire rope is used. 
The rope is attached to the haulage drum at one end ; passes round 
a small pulley, which is attached to a prop some 30, 40, or 50 yards 
along the face, and, returning, is secured to the front of the machine. 
The haulage drum is actuated through spur gearing from a ratchet 
and pawl arrangement, which in turn is driven from a disc crank, 
operated through gearing from the motor, by means of a short 
connecting-rod. As the haulage drum revolves the rope is drawn 
in and the machine pulled steadily forward. Provision is made to 
enable the rate of feed to be varied from nothing up to the maximum 
speed. 

Gate-End Panels 

Gate-end panels should consist of switch box, fuse box, and 
plug box, each independent of the other, and all three mounted on a 
common frame of light construction. 

Fig. 104 shows the Mavor & Coulson gate-end panel with the 
hinged covers thrown open. 

The mains are connected to the switch box terminals, and the 
trailing cable attached to the plug box. 

The entire apparatus is exceedingly simple and safe. 

The gate-end panel should be situated in a roadway near the 
centre of the stretch of face worked by the machine. 

^ Including the loss of energy in cables from the surface to the face, 
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This arrangement enables a minimum length of trailing cable to 
be sufficient, without interference with the panel being necessary. 

For instance, if the machine wait is 120 yards in length, and the 
gate-end panel is situated at the central roadway, from 65 to 70 yards 
of face cable will be ample for the puriwse. 



Fig. 104.— Gate'Cnd itancl. 

The situation of the panel should be dry, and the panel should be 
protected from possible falls of coal and stone by some pieces of wood 
placed above and round it. 



Callenpeh's Gate-end Switch and Fuse Box 

A gate-end box to be satisfactory must jwasess the following 
essential characteristics ; (1) Easy connection and disconnection of 
the main cable, (2) efficient and satisfactory switch and fuse gear, 
and (3) facilities for the ready connection and exchange of the 
trailing cable. 

Callender's gate-enl box satisfactorily fulfils these requirements. 

In this apparatus the main cable is brought into the right-hand 
side of the box, and the three cores connected by patent couplings to 
three copper rods which connect through glands to the fuse terminals 
in the main chamber. This chamber contains the switch and fuse — 
the switch being operated by a removable handle, and so arranged 
that, if a fuse blows, it is imi>08sible to renew it with the switch in 
the " on " position. 

Further, by means of the interlocking gear shown in the illustration 
(Fig. 105), it is impossible to remove the lid of the chamber before 
opening the switch. The main chamber, when the connections are 
made, is filled up with resin oil, which prevents flashing when a fuse 
blows. 
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So efficient and complete are the safety arraugements of the 
apparatus that not even the trailing end, which is provided for the ready 
attachment of the trailing cable, can be removed or connected up 
until the switch ia in the "off" poaition. 



In no caae, therefore, is it possible that a spark shoul 
the reault of negligence or ignorance. The apparatus i 
very suitable tor uae in fiery situations. 
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The Trailing Cable 

These cables may be of the three-core, two-core, or "C.C." 
concentric types, according to the form of current supplied to the 
machine. They should be well and heavily insulated, and perfectly 
flexible. 

In some cases the insulation is protected by an oater covering 
of extra stout braiding, but more commonly the protection takes the 
form of a flexible spiral steel armouring. 

The steel or wire armouring stands the rough usage to which a 
face cable is unavoidably subjected much better than does the braid 
covering, but there is the added danger of the armouring cutting into 
the insulation and causing a short circuit. 

The person in charge of the machine, as may be learned from 
Rule 7, Section V., of the Special Rules for the Installation and Use 
of Electricity, must not allow the trailing cable to be dragged along by 
the machine, but should always see to it that a yard or two of slack 
cable is kept immediately behind the advancing coal-cutter. 

The machineman must also examine the trailing cables at least 
once in every shift, and if any defects or abrasions are noticed he 
should have them promptly repaired. 

Care and Management of Coal-Cutting Machines 

When a new machine is to be started for the first time all the 
bearings should be thoroughly soaked with good cylinder oil some 
time before starting. All the gear wheels and other moving parts 
should be well rubbed over with a plentiful supply of Stauffer 
lubricating grease. 

When the machine has been put into proper working order, 
about half a gallon of oil per shift will be sufficient additional 
lubricant to add to the bearings, and about 1 lb. of Stauffer grease 
will suffice for the gearing. 

In revolving bar machines, the gland outside the cutter-bar 
bearing should be removed, and the space behind it filled with 
Stauffer. 

This should be done at the beginning of each cutting shift, and 
during the shift, if the bearing tends to heat. 

On starting the machine, care should be taken to start slowly, 
pausing on each of the switch contacts to give the machine time to 
gain in speed. 

After the machine has been started, and allowed to run light for 
a minute or two, the feed gear may be thrown in, and cutting 
commenced. This also should be done gradually, that is to say, the 
minimum rate of travel should first be given the machine, and the 
feed gradually increased till the maximum is reached. 
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Before switching "off," the feed should be released, and the 
cutting tool allowed to run for a sufficient time to thoroughly clear 
itself, and take the strain off the haulage rope. 

Observance of this precaution will save trouble when re-starting, 
and avoid undue stress on the motor and "blowing" of fuses. With 
three-phase machines this is especially important. 

The machine should never be started until the cutting tool is in 
position ready for a cut. 

Messrs. Mavor & Coulson Ltd., makers of the "Pickquick" coal- 
cutter, issue the following hints to drivers. Although intended for 
drivers of bar machines, these recommendations may well apply to 
any type of machine. 

1. Never start the machine till the bar is in the cut or close 
against the face. 

2. Never step or lean over any portion of the bar while it is 
rotating. (Careless workmen are sometimes apt to do this, to clear 
the cutter of coal or stone, and it is certainly a most dangerous 
practice.) 

3. It is of vital importance that the cutters be kept in good 
order. 

4. Never drive the machine when the working parts are loose or 
noisy ; have the necessary adjustments made. 

5. If the machine while working begins to make any unusual 
sound, or to vibrate unduly, ease the feed, or stop until you have 
ascertained the cause. 

6. Keep joints of inspection doors in good order. 

7. Frequently examine and tighten, when necessary, every bolt 
and nut. 

In addition to the above, the regulations laid down in the 
Special Rules for the Installation and Use of Electricity (Section V.) 
should be memorised by every driver or other coal-cutter attendant. 
We would recommend that all managers of collieries where electrical 
coal-cutting machines are at work should have the foregoing hints to 
drivers, together with Section V. of the Special Rules, printed out, 
and a copy given to each coal-cutter attendant. 

Such a course, if accompanied by strict discipline, would tend to 
the more efficient and safe working of the machine. 

A copy of all the Special Rules ought also to be in the hands of 
every attendant of electrical coal-cutting machines. 

COAL-CUTTER MOTORS 

The direct-current type of motor is most generally in use for 
coal-cutting machines, although the three-phase motor has in some 
instances been adopted with much success, and seems in many respects 
to be superior to the direct-current motor. 
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The three- phase type is probably more suitable in fiery situations, 
but as both types require to be totally enclosed where accumulations 
of fire-damp are to be feared, the advantage is of little importance. 
The voltage used varies from 400 to 650, the latter potential being 
the maximum allowable in a coal-cutter motor. 

The type of motor to be used in a coal-cutting machine 'is, 
naturally, determined by the form of current to be used, and if the 
generating plant is already installed there is practically no other 
course open than to adopt one suited to the current generated, 
unless provision is made for converting the current between the 
generator and the motor. 

Starting switches for coal-cutter motors are of the ordinary 
metallic resistance type, provision generally being made so that a 
slight pause must be made at each of the contact studs. An auto- 
starter is sometimes used in polyphase machines. 

The Cost of Coal-Cutting Machines varies from about .£250 for 
a machine of light make and small power to about X450 for a 
machine heavy in build, excellent in design, and of large cutting 
capacity. 



CHAPTEE VIII 
ELECTKIC HAULAGE, WINDING, AND LOCOMOTIVES 

Advantages of electric over steam haulage — Systems of electric haulage — 
Endless rope haulage — Main-and-tail rope haulage — Comparison of power 
required in endless rope and main-and-tail haulages — Single rope haulage — 
Endless chain haulage — Portable haulage gears — Motor-driven creeper 
belts — Liquid starting switches for haulage motors — Polyphase haulage 
plants — Electric winding— Comparison between steam and electric winding 
— Systems of electric winding — Westinghouse converter-equaliser system — 
The Ilgner system — The Siemens-Ilgner system — Peebles-Ilgner system — 
Tests of electrical winding plant — Estimate of the cost of electric winding 
plant — Electrical locomotives, advantages and disadvantages — Trolley 
system — Rack rail system — Goodman gathering locomotive — The Jeffrey 
type — Mather & Piatt underground type. 

Electeic Haulage 

Electricity as the motive power for driving the different forms of 
haulage plant which form so important a part of the fittings of a 
colliery has of late years come rapidly into favour. 

There is divided opinion as to whether it is superior to the steam- 
engine for such work, and many engineers are still in favour of 
transmitting the power from a steam-engine on the surface down the 
shaft by means of band-ropes to the haulage drums. 

Unquestionably, however, there are many advantages which can 
be claimed for motor-driven haulages, and the following are some 
of these : — 

L Band ropes are very expensive in first cost, having to be of 
the very best material, and are very costly to maintain, their life 
seldom averaging more than about two years. • Considerable space is 
required in the shaft for the ropes, guide-pulleys, etc. All this is 
unnecessary where the haulages are motor-driven. 

2. The motor-driven haulage is certainly superior to the steam- 
driven haulage with the steam-engine underground. The atmosphere 
in the vicinity of steam-engine rooms underground is necessarily raised 
to an uncomfortable temperature, and an outburst of steam in an 
underground steam-engine house would certainly be a source of 
extreme danger. The intermittent working of some hauling engines, 
such as those operating single rope or main-and-tail rope haulages, is 

x8z 
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also against the economy and efficiency of steam-driven haulage, 
whereas intermittency of working has no such effect on motor-driven 
haulage plants. 

Against these advantages in favour of motor-driven haulage, there 
are the usual objections to the use of motors for all forms of under- 
ground work, such as necessity for belting or gearing, danger from 
fire or shock, etc. 

The forms of underground or surface haulage which are suited to 
the adoption of motors are :— 

1. Endless rope haulage. 

2. Main-and-tail rope haulage. 

3. Single rope haulage. 

4. Endless chain haulage. 

Endless rope haulage is one of the best, if not the best, method 
of haulage applicable to mines, and is suitable for long distance 
transportation of large outputs. 

The rope may be above or below the tubs, or it may be at the 
side, and the tubs may be put on the ropes singly at intervals, or in 
trains of two or more by means of clips which firmly grip the rope. 
The speed of the rope is usually from 2 to 3 miles per hour, and this 
low speed of course necessitates a considerable reduction in the speed 
of the motor. The reduction is generally accomplished by means 
of spur gearing. 

Generally the load in endless rope haulage is fairly uniform, but 
sometimes, where branches are being worked, a portion of the rope 
occasionally runs " empty " or without load. 

To suit a varying load, the shunt-wound motor is the best, as 
this tyj^e gives practically constant speed for all loads. 

Fig. 106 illustrates a three-drum endless rope haulage gear with 
driving motor of 100 H.P. Each drum is fitted with friction clutch 
and brake, and each can be separately thrown in or out of gear at will. 

As may be seen from the illustration, the speed of the motor is 
firstly reduced by means of spur gearing, and latterly by helical gearing. 

The plant is built by Messrs. Clarke, Chapman & Co., and is at 
present doing good work at an important colliery. 

Horse-Power of Motor required for Endless Rope Haulage 

In calculating the horse-power of motor required for endless rope 
haulage, many factors must be taken into consideration, as, for 
example, speed of rope, weight of tubs when empty, total weight of 
coal carried, and number of tubs on the rope at one time, friction 
of rope, rollers, tubs, wheels, etc., gradient of road, etc. 

The accompanying table gives the horse-power of motor required 
per 100 yards of double road for various gradients and outputs per 
hour. 
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The table assumes that the empty tubs going down the gradient 
help to balance the full tubs coming up, and that the weight of the tubs 
is 40 per cent, of the coal they carry. The speed of rope assumed is 2 J 
miles per hour, which is a fairly high average for endless rope haulage. 

Table showing Horse-Power of Motor required for Different 

GitADIENTS AND OUTPUTS (ClARKE ChAPMAN). 



Output 


of 




Gradient 


in Inches 


per Yard 


• 




Coal i] 
Tons p 


11 














er 














Hour 


Level. 


1 Inch. 


2 Inches. 


3 Inches. 
2-16 


4 Inches. 5 Inches. 


6 Inches. 


30 toi 


IS 0*945 


1-35 


1-76 


2-56 


2-97 


3-37 


40 , 


I'l 


1-64 


2-18 


2-71 


3-25 


3-79 


4-33 


50 , 


1-26 


1-93 


2-6 


3-28 


3-95 


4-62 


5-29 


60 , 


1-41 


2-22 


3-03 


3-83 


4-64 


5-45 


6-26 


70 , 


1-57 


2-61 


3-45, 


4-4 


5-34 


6-28 


7-22 


80 , 


1-72 


2-8 


3-88 


4-95 


6-03 


7-11 


8-19 


90 , 


1-88 


3 09 


4-3 


5-52 


6-73 


7-94 


9-15 


100 , 


2-04 


3-39 


4-74 


6-08 


7-43 


8-78 


10-13 


150 , 


2-81 


4-83 


6-85 


8-87 


10-9 


12-9 


14-9 


200 , 


3-59 


6-29 


8-99 


11-7 


14-4 


17-1 


19-8 


250 , 


4-37 


7-73 


11-1 


14-5 


17-8 


21-2 


24-5 


300 , 


5-15 


919 


13-2 


17-3 


21-3 


25-4 


29-4 



Where the road is of greater length than 100 yards, and the same 
output per hour is required, the horse-power in each instance in the 
foregoing table must be multiplied by the total length of the road 
divided by 100, because the horse-power varies in direct proportion 
to the length of the road. 

For example, suppose the length of the road to be 1000 yards, with 
a gradient of 2 inches to the yard, and an output of 50 tons per hour. 

Referring to the above table we find that for a road 100 yards 
long with a gradient of 2 inches per yard and an output of 50 tons 
per hour, the necessary horse-power of motor is 2*6 H.P. 

For a road 1000 yards long, the H.P. of motor required will be — 

2-6x1000 ^^^ 
100 

Fig. 107 shows the endless rope haulage room at a South Wales 
Colliery. The plant was built by Messrs. Ernest Scott <fe Mountain 
Ltd., Newcastle. 

The motor is of 75 B.H.P., and develops from 50 to 70 H.P. 
according to the load put on the rope. 

The first reduction is made by rope drive from a pulley on 
armature shaft of motor, cotton ropes being used for the purpose. 
The second reduction is made through helical gearing (see illustration). 
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The cotton rope drive is found to be very efficient and reliable, and 
may well be advocated for driving haulage gears wherever the neces- 
sary space is available. Some advantages which may be claimed for 
the cotton rope drive in haulage gears are the following : — 

1. The rope forms an elastic medium between the motor and the 
haulage gear, and relieves the motor of sudden strains or shock. 

2. In the event of any excessive load coming upon the motor the 
ropes wiU slip. 

3. The freedom from vibration on the motor shaft, particularly in 



Fig. 107. — Endless rope haulags room. 

continuous current motors, reduces the risk of breakdown to a 
minimum, and with three-phase motors it also avoids the risk of the 
rotor running in contact with the stator due to the heavy wear 
upon the bearings arising from gearing, 

i. Generally the life of the machinery ia greatly increased. 

Main-and-Tail Rope Haulage 

This system of haulage is very suitable for varying gradients. Two 
drums are required, one for the main rope which pulls t£e full tubs out- 
bye, and the other for the tail rope which ])ulls the empty train inhye. 
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Both drums are fitted with clutches, generally of the cone fric- 
tion type, so that they can be thrown in and out of gear when 
required. 

The tubs are run iti sets or trains of any number from two 
upwards, there being, in the case of large outputs, sometimes as many 
as from 20 to 30 tubs in a single train. In consequence of this, the 
strain on the rope is very great, there being no empty train to 
counterbalance the weight of the full set, and motors of a very high 
horse-power are often necessary on this system. 

Fig. 108 shows a main-and-tail rope haulage plant driven by a 
215 H.P. electric motor. 

The drums are fitted with a special type of improved cone friction 
clutch, and the brakes may be operated either by a foot lever or by a 
hand wheel and screw. 

As the speed of the rope in main-and-tail haulage is frequently as 
high as 12 miles per hour, the necessary reduction of the motor speed 
is much less than in endless rope haulage. 



Horse-Power of Motor required in Main-and-Tail 

KoPE Haulage 

In calculating the horse-power of motor required on this system, 
instead of taking the average gradient, as in endless rope haulage, the 
heaviest gradient on the road must be taken, as there is no counter- 
balancing load in main-and-tail haulage. The friction of the tail rope 
must also be taken into consideration in calculating the total work 
done by the motor in pulling the full load uphill. The accompanying 
table gives the horse-power of motor required for various gradients 
and weights of sets. 

Table showing Horse-Power of Motor for Various Gradients 

AND Loads (Clarke Chapman). 



Weight 

of Set 

in Tons. 






Gradient i 


in Inches 


per Yard. 




















Level. 


1 Inch. 


2 Inches. 
50-4 


3 Inches. 


4 Inches. 


5 Inches. 


6 Inches. 
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23-8 


37 


63-7 


77 


90-4 


103-6 


10 


27-4 


46-4 


65 


84 


103 
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15 


33-5 
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90 


119 


147 


176 
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20 


39-6 


78 


115 


153 


191 


229 


267 


25 


45-7 


93 


141 


188 


235 


283 


330 


30 


61-8 


109 


166 


222 


279 


336 


393 


40 


64 


140 


216 


292 


367 


443 


519 


50 


76-2 


171 


266 


361 


455 


550 


645 


60 


88 


202 


316 


430 


544 


658 


772 
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The speed of rope taken is 8 miles per hour, and the length of 
run 1000 yards. 

In the above table we have assumed : — 
Rolling friction — 40 lbs. per ton. 
Pull due to rollers, etc. — 0*25 lbs. per yard. 
Efficiency of haulage gear — 70 per cent. 
For speed of 10 miles per hour the horse-power may be increased 
in proportion. 

Comparison of the Power required for Main-and-Tail 

AND Endless Rope Haulages 

The endless rope system of haulage is much more economical as 
regards the horse-power of motor required than the main-and-tail 
rope haulage system, as a brief reference to the tables already given 
may readily show. 

The following example is given to illustrate more forcibly the 
contrast : — 



Work to be done — 

Output in day of 10 honi s 

,, per hour . 

„ per minute 
Len^h of road . 
Gradient against load 
Weight of each empty tub 
Weight of coal per tub 



500 tons. 
50 „ 

17 cwts. (approx.). 
1760 yards. 

5 ins. to the yard. 
4 cwts. 
10 cwts. 



For the above output, length of road, etc. a motor of about 85 H.P. 
would be ample to perform the work if the system of haulage were the 
endless rope, whereas, if the main-and-tail rope system were employed, 
it would require a motor of at least 270 H.P. to do the work. 

The saving both in first cost and in consumpt of power to be 
obtained by the employment of the endless rope system where prac- 
ticable is thus considerable. 

Single Rope Haulage 

This system of haulage is suitable for gradients of from 1 in 18 
upwards. It is the simplest system of all, as only one rope and 
one rope drum are necessary. The full train is drawn up as the 
rope is being coiled on the drum, and the empty train runs back 
by gravity, uncoiling the rope off the drum in the process. 

In calculating the power necessary in single rope haulage, the 
weight of the full train, the weight of the rope, the speed of the 
tubs, and the friction, are the factors which have to be taken into 
consideration ; there is no compensating balance as in endless rope, 
where the weight of the empties helps to balance the full train. 
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To show how the horse-power of motor necessary may be arrived 
at, the following example is given : — 

Suppose we have a full* train of ten tubs, each carrying 10 cwts. 
of coal, and the weight of each empty tram 5 cwts., the maximum 
speed of the rope 12 miles per hour, and the steel wire rope weighing 
8 lbs. per fathom ; the road being 600 yards long, and of an average 
gradient of 3 inches to the yard. Then the total pull on the rope 
will equal — 

10 X (10 + 5) X 112 = 16,800 lbs. weight of coal and tubs. 
8x300= 2,400 „ weight of rope. 

Total, 19,200 lbs. 

and — ~- — = 1600 lbs. dead weight to be lifted. 

And for friction allow — 



iW)_e40ibs. 

30 ^ 

Then total load = 2240 lbs. 
Then foot-lbs. to be done per minute at a speed 'of 12 miles per 
hour — 

2240x12x5280^ 3^ ^4()f^^^_l^^ 

60 
And H.P.=^^^^ = 7i.6 H.P. 

This represents the useful work done, but allowance must be 
made for the friction of the gearing, etc., and for efficient working 
the motor should be 50 per cent, stronger than the above. 

Therefore actual H.P. of motor required equals — 
71-6 + 50 per cent. = 107*4 H.P. Ans, 

Say, a motor of 110 B.H.P. 

Endless Chain Haulage 

Motors have also been applied to the operation of endless chain 
haulage systems with satisfactory results. 

The system is not so efficient, however, as the endless rope 
haulage, although there are a few advantages to which it can lay 
claim. 

The weight of the chain to be kept in motion by the motor 
is, of course, a distinct disadvantage. The principal advantages are 
the slow speed, with the consequent small amount of wear and 
tear entailed in chain, hutches, pulleys, etc., and the facility with 
which branches can be worked and curves negotiated. 

In endless chain haulage plants special attachments have to 
be employed on the haulage drum in order to prevent the chain 
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catch into these studs, and therefore a suitable grip is obtained. 



Fio. 109.— Eudless chain hauJuge gear. 

Another method is shown in Fig. 109, curved clips being 
adopted instead of the studs. 

Portable Haulage Gears 

Light haulage gears, which can be easily transported under- 
ground to wherever required, are now coming greatly into favour, 
especially for inbjework. 

The old system of bringing the coal from the working face 
to the main haulages by means of jxinies and horses, although 
admirable in many respects, is certainly expensive compared with 
the efficiently worked mechanical haulage, and, besides being cheaper 
in the end, a larger output is often the outcome of the adoption 
of motor-driven haulage gears for such work. 

Fig. 110 shows a portable electric haulage gear for the endless 
rope system, built by Slesars. Ernest Scott & Mountain Ltd., which 
possesses the advantage of being small and compact and easily 
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fitted up. The horizontal tope wheel is driven through worm 
gearing from the armature abaft, and the motor as illustrated is 



FiO. 110. — Electric haulage gear, working through worm geariug. 

of 5 B.H.P. The gear is generally mounted on a bogie, ao that it 
can be more easily moved from place to place. 

Motor-Driven Creeper Belts 

Creeper belts may be suitably driven by means of electric motors, 
and as the power necessary for such purposes is generally of small 
dimensions, the motors can be situated so as to take up very little 
room, and be entirely out of the way. As an example of the 
usefulness and the class of work undertaken by the motor-driven 
creeper belt sj^tem, the plant at the Prestonlinks Colliery, Prestonpans, 
may be cited. 

The system is at work at the shaft bottom, and is employed 
to haul away the empty tubs from the back of the winding 
compartments past the aide of the shaft to the loEiding platform, 
the loads being all put on the cage from the front, while the 
empties are received at the rear. From the loading platform the 
empties gravitate into the several sidings reserved for the different 
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haulages, the guide switches being operated so as to allow the 
tubs to run into whichever siding where they may at the moment be 
required. A 5 H.P. 4-pole shunt-wound motor drives the creeper, 
and develops about 3 H.P. with a regular supply of hutches. 

Starting Switches for Haulage Motors 

For the gradual starting up of haulage motors, liquid resistances 
are preferable to metallic, being more gradual in their action. In 
the ordinary open typ© of liquid starter, however, there are one 
or two undesirable features — evaporation, accumulation of dust and 
dirt on the surface of the liquid, and so forth — which have tended to 
injure the popularity of the liquid starting resistance in mining opera- 
tions, and enhance the value of the metallic resistance and switch. 

The enclosed liquid starting switch patented by WooUiscroft 
has, however, removed the troublesome features that are character- 
istic of the open knife switch. 

In WooUiscroft's liquid switch, the fluid resistance, which is a 
solution of soda and water, is contained, together with the entire 
switch mechanism and connections, in a cast-iron box or case. 
This cast-iron case is mounted on insulated bearings, and is free 
to rotate when picked up by the catch actuated by the retaining 
coil in series with the field. In Fig. Ill is shown a diagram of 
the switch mechanism and connections. In the diagram, A is the 
lever which is held by the retaining catch G when in the vertical 
position indicated by the dotted lines. The retaining catch is 
operated by the coil E, which is in series with the field. The 
catch G retains the lever A in its vertical position only during 
such time as the current keeps above a certain minimum amperage. 
When the amperage faUs to this minimum the coil E loses its 
magnetism, releases the retaining catch, and allows the lever to 
"switch off." 

In the illustration the switch is shown with the circuit open, 
and ready for starting a shunt motor. 

A maximum release is also provided at D in the diagram. H 
is a short circuit contact fixed to the casing B, and C a sliding 
contact fixed to the internal switch blade. 

This sliding contact rotates with B, but is insulated from it. 

The level of the liquid in the casing is indicated by the dotted 
line F. 

Some of the advantages claimed for the WooUiscroft switch are 
the following : — 

1. Practically no attention is required. 

2. No time limit required for starting up. 

3. Little or no evaporation. 

4. Absolute freedom from sparking. 
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By alteriDg the density of the soda and water solution the 
Woolliscroft resistance can be made to suit voltages up to 
700 volts. 

The cost of a Woolliscroft patent enclosed liquid starting 
switch varies from £12 for a motor of 40 B.H.P., and with both 
"overload" and "no voltage" release, to £30 for a motor of 
130 B.H.P. with the same safeguards. Enclosed liquid reversing 
and controlling switches on the same principle as the starting 
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Fig. 111. — Woolliscroft starting switch. 

switch already described are also on the market. These switches 
are made by the Sandy croft Foundry Co., Chester, and other firms. 



Polyphase Haulage Plants 

Polyphase motors are now being very widely adopted for 
operating haulage gears. As an example of these up-to-date plants, 
the installation at Clifton Colliery, near Nottingham, is worthy 
of mention. The current is three-phase, and the working voltage 
ia 2500 volts, with a periodicity of 25 cycles per second. There 
are two haulage gears, both endless rope, at work, one operated 

13 
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by a three-phase motor of 125 B.H.P. and the other by a motor 
of 60 B.H.P. 

In both gears the first-speed reduction is made by means of 
a rope drive, and the speed is then further reduced by means of 
spur gearing. 

Electrical Winding 

The operation of winding plant by means of electric motors 
is one of the most important developments in the ever-spreading 
application of electricity to mining. 

True it is, the systems of electric winding at present in actual 
use still leave much to be desired in the way of simplicity, economy, 
and suitability to the exacting conditions inseparable from colliery 
winding, but, nevertheless, the best of these have proved sufficiently 
successful, and possess certain important advantages over even the 
most approved class of steam winding engines, to deserve the 
thoughtful consideration of mining engineers who have been or 
may soon be entrusted with the installation of new and important 
colliery winding plants. 

It is a well known fact that colliery winding engines are 
notoriously wasteful of power, and no mining engineer worthy of 
the name would for a moment think of upholding the steam-driven 
winding engine from the standpoint of economy. 

This great waste of power is, of course, due entirely to the 
intermittent nature of the work with which the colliery winding 
engine has to deal. 

An engine whose work it is to start a mass of machinery from 
rest, and keep it in motion at a constant uniform speed for hours 
on end, may be said to be working under practically ideal conditions, 
and can be fitted with all the steam-saving accessaries indispensable 
in a modern first-class steam-engine. 

The winding engine, however, has a totally different class of 
work to undertake. 

It has to start from rest a mass of machinery amounting to 
anything from 60 to 100 tons, or even more, and in a very few 
seconds impart a velocity of 30, 40, or even 50 miles per hour, 
only to throw to the winds, by the application of the brakes, every 
unit of the vast amount of energy which has been stored up in 
the moving parts of the machinery and the cages ere the completion 
of the wind. This is the one great and altogether deplorable feature 
in colliery winding by means of the steam-engine. The vast amount 
of steam consumed in the starting of the machinery and in the 
attainment of the necessary speed is altogether out of proportion to 
the useful work done in raising the load. 

From the above remarks it is evident that electric winding, to 
prove its superiority over the steam-engine, must show itself less 
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wasteful of steam than the latter, and consequently it is in this 
direction, that is, economy in steam consumpt, that the efforts of 
advocates of electric colliery winding have been principally directed. 

One very serious objection to the employment of electric winding 
gears is fhe delicate nature of the apparatus as compared with the 
robust and sturdy build of the steam winder. If a steam winding 
engine breaks down, it is generally possible for the ordinary colliery 
engineer to put the matter right in a very short time. When an 
electric winding plant gets out of order, however, it requires an expert 
electrician to find out the cause of trouble, and perform the necessary 
repairs. Generally speaking, it cannot be denied that the steam 
winder will withstand rough handling with greater freedom from 
serious injury than can the electric winding engine. 

Systems of Electric Winding 

There are at least half a dozen systems of winding at present 
being exploited by as many firms, each claiming to be superior to any 
other so far as efficiency, economy in steam consumpt, and ease of 
control are concerned. The three systems best known in this 
country, however, and those which in actual working have proved 
themselves to be the most deserving of attention, are (1) the 
Westinghouse converter-equaliser system, (2) the Siemens-Ilgner 
system, and (3) the Peebles-Ilgner system. 

The Westinghouse Converter-Equaliser System ^ 

In this system either direct current or induction motors may be 
employed to do the actual winding, suitable provision being made 
to enable this to be done. 

As shown in Fig. 112, the general arrangement of the system 
consists of a rotary converter (1) connected through transformers (2) 
to the high-tension transmission lines. On its direct current side 
the rotary converter is connected to a direct current machine (3) 
acting sometimes as a generator and sometimes as a motor, and 
fitted with a flywheel (4). The rotary converter (1) is compounded 
in a special way so as to supply automatically the magnetising 
currents required for the induction motors on the system. The 
voltage of the direct current flywheel machine (3) is controlled 
automatically by a quick-acting regulating apparatus (5), which is 
actuated from the high-tension transmission line through series 
transformers. This whole arrangement constitutes the Westinghouse 
converter-equaliser, the action of which is to discharge energy into 
the high-tension line system whenever the load on the latter is greater 
than the constant output; and to store up energy in the flywheel 

* Electrical Magazine, March 1907. 
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whenever the power demand in the high-tension supply system is less 
than the constant output of the station. 

When there is no load on the high-tension system the rotary 
converter (1) runs with approximately 100 per cent, power factor, and 
gives up to the flywheel — through the medium of the direCt current 
machine acting as a motor — energy corresponding to the constant 
output of the station, until the maximum speed is reached. The 
flywheel is of sufficient capacity to take care of the overload and 
underload periods. 

The flywheel machine (3) is preferably built for high speeds in 
order to obtain high electrical efficiency with light weight, and may 
have a maximum slip of 40 per cent, of its maxinium speed, though 
in ordinary service 30 per cent, slip is sufficient. 

When direct current winding motors are employed the arrange- 
ments are as follows : — 

The rotary converter is connected to the alternating current mains 
in the same way as in Fig. 112, the direct current side being joined up 
to a direct current machine fixed on the same shaft as the direct 
current regulating machine. The latter is electrically connected in 
series with the direct current machine, and acts as a voltage-regulator, 
by means of which a variation of voltage at the winding motor 
terminals between minus maximum and plus maximum is obtained. 

The direct current voltage of the machines is one-half of the 
maximum voltage of the winding motor, so that, if the latter is 
designed for 500 volts, the voltage of the former will be 250 volts. 

When the winding motor has to bo started, the voltage of the 
regulating machine will be equal and opposite to that of the direct 
current machine. By decreasing gradually the voltage of the machine 
to zero, and increasing it in the reverse direction, any desired pressure 
between zero and maximum may be applied to the winding motor. 

The diagrammatic sketch (Fig. 113) shows the electrical and 
mechanical control-gear used in conjunction with the Westinghouse 
converter-equaliser system when applied to a winding engine driven 
by a polyphase motor. The drum or friction-wheel brakes are normally 
actuated by the compressed-air cylinder B ; or, in case of emergency, 
by means of a weighted lever C. The whole control gear is 
operated by means of three levers a, h, and c, which are fixed on 
the driver's platform. The lever a on the right-hand side of the 
driver actuates the main reversing switch D and the liquid starting 
rheostat E. The lever a can be moved either forwards or backwards 
from its central or off" position — the position of D and the direction 
of rotation of the winding motor depending on this. When the lever 
a is moved, the main switch D is actuated first, the movement of 
the liquid starter E being secondary, beginning only after D has 
reached a definite position. If the lever is moved into an inter- 
mediate position at a moment's notice, it acts as follows : It releases 
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the weighted brake lever C, which is normally held up by the 
mechanism d and e] it opens the emergency switch F by means 
of the rods and links d, e, and /, thus cutting off the supply of 
current to the motor. The drum will also be stopped automatically 
in the event of overwinding or a failure of the electricity supply. 
The provision for this is as follows. The tripping mechanism of the 
emergency brake lever is connected mechanically to the depth- 
indicator G by means of rods and links g, A, % k, and e, and the 
emergency brake lever C will be released at the end of the travel 
in case of overwinding, the emergency switch F being operated at the 
same time through the extra link/; an abnormal fall of voltage or 
failure of the supply will cause the solenoid cores H to drop, and the 
emergency brake to be released through the link motions m, n, 0, 
and e; the emergency switch being also thrown off through m, n, 
o, e, and /. The replacement of the weighted brake lever C is effected 
by means of a winch K. The reversing switch is operated as before, 
namely, to its full final position, whereas the liquid starter is only 
moved to a position corresponding with that of the operating-lever 
handle. In this manner the speed of the winding engine can be 
varied within wide limits. The action of the liquid starter is such 
that the acceleration is automatic, and quite independent of the speed 
with which the lever a is operated. Should, however, the handle 
a be moved so slowly that the amount of water supplied to the 
upper tank of E exceeds its holding capacity, the acceleration will be 
less than the normal. The design of the control gear is such that the 
electrical braking of the motor when lowering may be arranged for if 
necessary.' The lever b fixed on the left-hand side of the driver 
operates the pneumatic brake through B. The foot lever c, which 
is between the two others, is only operated by the driver in cases of 
emergency, when it is required to stop the winding drum. 



The Ilgner System 

This system of electric winding has been employed in German 
and other continental mines for a number of years, and has in many 
instances proved very successful. The system is a combination of 
the three-phase and continuous current systems, three-phase current 
being got from the generator and converted to continuous current by 
nieans of a converter set, for use in a continuous current motor on the 
main winding gear. 

Later developments in the Ilgner system have resulted in the 
introduction of two modifications, namely, the Siemens-Ilgner system 
and the Peebles-Ilgner system. Both of those systems have been 
applied to the operation of colliery winding plants, in this country as 
well as on the Continent, with good results. 
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The Siemens-Ilgner System 

This system has been very largely adopted on the Continent. 
There are also two plants working in this country, one at the Rhondda 
Colliery, South Wales, and the other at the Axwell Park Colliery, 
Durham. Both plants use three-phase alternating current For 
much of the following information the authors are indebted to Messrs. 
Siemens Bros., London. 

Fig. 114 illustrates diagrammatioally the general features of the 
Siemens-Ilgner system. From the mains of an electric power station 
current is drawn for driving a motor-generator (converter) consisting 
of a motor coupled to a dynamo. This converter transforms the 
supply current into direct current at variable voltage, and this is used 
for driving the winding motor. Either a continuous or three-phase 
supply is suitable for driving the motor-generator. The advantage of 
a three-phase supply at high voltage is that long transmission lines 
can be used, involving neither great first cost nor heavy losses in 
transmission, the load on the line being very uniform, and not exceed- 
ing, as explained later on, the average demand of the winding engine. 
With a supply of this kind the high-tension current is led through a 
connection box a to the converter motor, which is started by means 
of the switch c. 

The converter motor is built to suit the character of the supply, 
whether direct or three-phase current. It can also be arranged for a 
single-phase supply, such as may exist in some outlying districts. 
The converter is provided with a heavy flywheel, in the form of a 
single steel casting or forging, which is capable of running with 
safety at a high circumferential velocity. 

The energy which is stored in the flywheel is drawn upon for 
taking up the fluctuations in load of the winding engine, and 
equalising the demand upon the power station. The converter 
generator and the winding motor are both of the direct current type. 
They are separately excited, and when the supply is single or three- 
phase the exciting current is obtained from a small direct-coupled 
dynamo. 

When the main supply is direct current the general arrangement 
of the plant is the same as for alternating current, except that the 
converter motor is of the direct current type and the exciter is 
omitted, the exciting current being taken direct from the supply 
mains. The armatures of the converter generator and winding motor 
are connected in series. A set of regulating apparatus is provided by 
which the exciting current of the converter generator is varied at 
will from zero to a positive or negative maximum. The degree of 
excitation determines the voltage generated and applied to the 
terminals of the winding motor armature, and the revolutions of the 
latter vary approximately in direct proportion. The winding motor 




Fio. in.— Diagram showing arrangement of Siemena-Ilgner syatom. 
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may either be eoujiled direct to the drum, as shown in Fig. 114, ' 
arraDged to drive the drum through single reduction apur gearing. 



Fig. lis.— Sioinuns- Uglier winding eugine, with Koepe pulley. 

The former arrangement has advant*^es in simplicity of con- 
struction and freedom from noise in working, and is usually the most 
practical for plants of larger sizes. For smaller jilants, however, it is 
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more costly than the geared arrangement. In very large plants two 
coupled motors, one on either side of the winding drum, are some- 
times used (see Fig. 115). This arrangement is chiefly advantageous 
in giving extra security against breakdown, since in an emergency 
one motor can be used to wind at half -speed. The control gear for 
the winding motor and drums is operated through two hand levers 
(Fig. 115). 

The one at the right hand of the operator actuates the control 
gear for the winding motor, and by means of the other the brakes are 
applied. The two levers are interlocked, so that when the machine is 
put in motion the brakes are released, and when the current is cut off 
they are again automatically applied. The control gear consists of 
an ordinary field rheostat, and by its use the winding drums may be 
started at "creeping" speed and rapidly and uniformly accelerated 
until the maximum winding speed has been attained, and then 
rapidly, yet gradually, " slowed down " at the completion of the wind. 

The movements of the winding drums may be in either direction 
according to the position of the control lever. The lever, when in 
the "off" position, is in the centre of the guide frame, and, by 
pushing the lever from him, the driver sets the cages off in one 
direction, while, by drawing the lever towards him, the direction of 
motion of the cages is reversed. An automatic safety brake for the 
prevention of overwinding is also provided. The power for the 
automatic brake is got from a small electrically driven air-compressor, 
a receiver of sufficient storage capacity being included so as to 
maintain power enough on all occasions. The compressor is auto- 
matically stopped or started when the air pressure in the receiver rises 
or falls between given limits. 

An indicator, driven by gearing from the main winding shaft, is 
also provided to show the position of the cages in the shaft. 

Electric Winding Plant at Axwell Park Colliery 

An electric winding plant has recently been installed at the 
Axwell Park Colliery, Durham. 

The system of winding adopted is the Siemens-Ilgner, as above 
described. 

The shaft is 252 J feet deep. 

The time taken to wind is about 40 seconds. Of this period 
about 12 seconds are taken up for acceleration, that is, for getting up 
speed, then follows 23 seconds of full speed run, and then 5 seconds 
for retardation or slowing down. 

At full speed the cage travels about 8 feet per second. 

The power for operating the plant is obtained at 550 volts, 
40 cycles from the Axwell Park Sub-Station, which is situated some 
1000 yards from the pit mouth. 
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The Sub-Station is fed with three-phase current at 5500 volts from 
the CarvilJe Power Station of the Xewcastle-on-Tyne Electricity 
Supply Company Ltd., some 9 miles distant, and from the Priestman 
Power Station, about 5 miles away, both working in parallel. 

The Peebles-Ilgner System 

In the Peebles-Ilgner system a continuous current dynamo, 
electrically driven, supplies power to a continuous current motor which 
either directly or through spur gearing actuates the winding drums. 
The converter set consists of a motor which takes the current from 
the power mains, and, on the same shaft, the dynamo giving out 
continuous current for the diiving of the winding motor. Fixed 
intermediately between the motor and the dynamo in the converter 
set is the heavy flywheel common to all flywheel storage systems. In 
the Peebles-Ilgner system, methods of controlling and regulating the 
winding gtjar are adopted somewhat .similar to those employed in 
the Siemens-Ilgner system. 

An electric winding gear on the Peebles-Ilgner system has been 
in operation for some time at the works of the Tarbrax Oil Company 
Ltd., Tarbrax, Scotland. The plant, as described by Mr. James 
Caldwell,^ consists of. the flywheel motor-generator described above 
and a continuous current winding motor. Alternating three-phase 
current is obtained from mains coming overhead from the power 
station at the works, and actuates the induction motor in the motor- 
generator or compensating set. This induction motor develops 
80 B.H.P., and runs at a speed of 730 revolutions per minute. 

The generator is a continuous current machine of the same 
capacity as the induction motor ; but it is so designed that it can 
stand very heavy overloads, such as are constantly occurring in the 
process of winding. 

The winding motor is coupled direct to the drums. It is kept 
constantly excited by a three-phase induction motor of 10 B.H.P. 

The horse-power of the winding motor is 200, and it runs at a 
speed of 57 revolutions per minute. Its speed is regulated by a 
controller operated by a hand lever. The winding drums, of which 
there are two, are each 8 feet in diameter and 2 feet wide. 

The winding ropes are ly^ inch in diameter. The plant is 
designed for an output of 640 tons in 8 hours from a depth of 420 
feet. The full load is 25 cwts. per wind. The whole journey is com- 
pleted in 25 seconds, the speed being 23 feet per second. 

The time allowed for decking is 30 seconds per trip. 

The flywheel in the motor-generator set is 6 J feet in diameter, and 
weighs 6 tons. 

The following results were obtained in a test of the Tarbrax 
^ Trans. Inst. M. E., 1906, vol. xxix. p. 221. 
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electric winding plant made with a view to ascertaining the 
efficiency of the plant under working conditions : — 

Test of Tarbrax Electric Winding Plant. ^ 



Time. 



Wattmeter 
Readings. 



a.m. 

10-40 

11-OOi 

11-20 

11-40 

12-00 

P.M. 

12-20 

12-43 

1-00 



Units. 
00907-0 
00916 '6 
00924-9 
00936-4 
00944-1 

00953-9 
00961-8 
00970-4 



Power 
Consump- 
tion. 



Units. 

• • • 

9-6 

8-3 

11-5 

7-7 

9-8 
7-9 
8-6 



Totals and averages, 63 '4 



Time. 


No. of 
Winds. 

• • « 

20 
15 
19 
14 

18 
15 
16 

117 


Power 
Consumption. 


Average 

No. of 

Winds per 

Minute. 


Per 
Minute. 

Units. 

0-474 
0-420 
0-575 
0-385 

0-490 
0-343 
0-506 


Per 
Wind. 


Minutes. 

• • ■ 

20i 
19| 
20 
20 

20 
23 
17 

140 


Units. 

o-'iso 

0-554 
0-605 
0-549 

0-545 
0-526 
0-537 


• » • 

0-987 
0-759 
0-950 
0-700 

0-900 
0-655 
0-941 


0-455 


0-541 


0-840 



During each wind about 12 J cwts. of shale were raised. 

The above results show that throughout the test the average 
power consumption was 0*541 unit per wind; and allowing 12 J cwts. 
for each wind, this shows a ix)wer consumption of 0*866 unit per ton 
of shale raised during the test. 

Rheostatic Control System 

In some instances winding motors can be driven advantageously 
direct from the supply mains, an ordinary rheostatic control being 
used. 

In such cases it is necessary to vary the resistance in series with 
the armature or rotor by very small increments, so as to obtain a 
gradual and uniform speed control. A liquid resistance is frequently 
used for this purpose, both because of its large heat capacity and 
the simplicity and ease with which it enables such a uniform 
regulation to be obtained. The resistance is either cut in and out 
by gradually lowering specially shaped plates, by means of the 
control lever, into the liquid ; or a small circulating pump is provided 
which raises the surface of the liquid so as to gradually cover the 
area of the contact plates. Such a plant would be less costly than 
one arranged on the more complicated systems, and although far 
from being economical as compared with these, it may be used with 

^ Trans, Inst, M, E., 1907, vol. xxxii. p. 287. 
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advantage, particularly in the case of isolated plants of small size, 
and where economy in power consumption is not of so great im- 
portance. The rheostatic control system is designed by Messrs. 
Siemens Brothers Ltd. 

Cost of an Electrical Winding Plant 

The question as to the advisability of installing an electric 
rather than a steam winder does not admit of a general answer, but 
depends upon the conditions to be met with in each individual case. 
If we consider the cost of the winding engine alone, the electric 
engine is usually more expensive than the steam-engine. If, however, 
account be taken of the extra boiler plant which it is necessary to 
have with the steam winder, on account of its lower efficiency, then 
it is usually found that the electrical installation will involve little, 
if any, greater capital expenditure than that required for a steam 
plant (Siemens). 

The following estimate is given by Mr. George Ness ^ for a plant 
of similar power to the Tarbrax winder, and will serve as a guide 
to the outlay involved in the erection of an electric winding engine, 
together with the cost of working : — 

Estimated Cost of an Electrical Winding Plant. 

Generators (including stand-by set), switchboard, baildings, 

boilers, brickwork, chimney, and cabling . . . £8,500 

One-third of this amount is charged against the winding plant . £2,833 
Winding plant, foundations, and buildings . . . 2,800 



Total capital charges .... £5,633 



Depreciation and interest on capital, £5633 at 10 per cent, per 

annum ....... £563 

Do., per week of 11 shifts of 8 hours each . . . £10, 16s. 6id. 

Do., per shift of 8 hours ...... 19s. 8*2d. 

Do., taking rated output of 640 tons in 8 hours . . per ton 0*368d. 

Oil and waste, including power station charges, 

per week . . . . . £0 15 

Wages of winders . . . . . 3 

Proportion of power station wages chargeable 
against winding . . per week 

Total . . ,, 

Do. .... 

Coal, 4 pounds per unit, at 6s. 8d. per ton 

Total cost per ton of shale raised . 

^ Trans. Imt. M, E.y 1907, vol. xxxii. p. 287. 



1 




£4 15 




. per ton 
• >> 


0-260d. 
0-140d. 


>> 


0768d. 



HAULAGE, WINDING, AND LOCOMOTIVES 207 

Electric Locomotives 

Electric locomotives for underground haulage purposes have 
many advantages over stationary haulage plants. 

The most important of these are: (1) Greater suitability for 
working " inbye " — that is, the removal of " fulls " and supplying of 
empties at the working face, and for traction work to and from the 
main haulages. In this capacity the electric locomotive takes, the 
place of mule and manual haulage, and for this class of work is 
undoubtedly superior. (2) Greater adaptability for the working 
of branch roads communicating with the main engine plane. 
(3) Ropes, etc. are dispensed with, representing a considerable 
saving. 

In this country electric mine locomotives have, up to the present, 
been little adopted, but in America and on the Continent they are 
in extensive use, some hundreds of locomotives being at present at 
work in the States alone. 

As one striking instance of the successful adoption of locomotive 
traction in Britain, the installation at the Duddingston Mine, 
Winchburgh, near Edinburgh, may be cited : — 

The system is the ordinary trolley arrangement, and the line 
extends from the mouth of the mine to the retorts some two miles 
distant. 

The locomotives are worked by two continuous current motors, 
each 30 H.P., arranged in series. They are capable of dealing with 
26 waggons, each carrying 26 cwts. of shale, in a single train. 

The locomotives are capable of developing a speed up to 30 miles 
an hour. 

The power is obtained from the Winchburgh Power Station. It 
is there generated at 3300 volts three-phase, and then converted, 
through a rotary-converter, to direct current at 500 volts for the 
trolley system. The plant has been working for several years, and 
has given every satisfaction. 

There are certain drawbacks which undoubtedly retard the 
development of locomotive mine traction in this country as well as 
others, and the following are some of these : — 

1. Up to the present moment direct current is the only form 
of electrical energy which seems suitable for traction purposes, and, 
as is well known, the risk of sparking is greatest with this form. 

2. It is practically impossible to guard against sparking, so that 
the electric locomotive would be a source of danger in a fiery 
mine. Indeed, the employment of electric locomotives working on the 
trolley wire system in fiery mines is entirely forbidden in the electric 
Special Rules. 

3. Bare conductors and an earthed return are essential in the 
modem traction system. 
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4. The electric locomotive is not very suitable for varying or 
steep gradients. 

With regard to the last-mentioned disadvantage, a system of 
electric traction, known as the " rack rail " system, and which we shall 
shortly describe more fully, has lately been introduced into American 
mines, and is now being exploited by the Goodman Manufacturing 
Company Ltd., of Cardiff, with a view to its adoption for electric 
traction in British mines. The system claims to overcome the 
difficulties arising from varying and steep gradients, and has proved 
sufficiently successful in America to warrant recognition as the latest 
successful development in electric mine traction. It is questionable 
if electric locomotives are to be recommended for use in roadways 
traversing the goaves in underground workings, as the continual 
movement of the roof and sides, due to the subsidence, would tend 
to cause very frequent derangement and injury to the power mains 
and also to the permanent way. 

In addition, the gradual subsidence of the roof would render 
necessary the constant raising of the timbering at some part of the 
roadway, in order to obtain sufficient height for the convenient 
passage of the locomotive and its train. Where the longwall system 
of working is in operation, therefore, the use of electric locomotives is 
practically confined to the main haulage levels, which, being invariably 
driven in the solid coal, are practically immune from strata movements, 
and can be made permanently of the necessary height and width. 

In pillar and stall workings, however, electric mine traction may 
be in operation from the shaft bottom right to the working face. 

That electric locomotive traction will yet find its way into the 
underground workings of British mines seems to have been recognised 
by the f ramers of the electric Special Rules, if one may judge from the 
prominence given to electric locomotives in their regulations. In 
shunting operations on the surface there are certainly advantages to 
be gained by adopting electric locomotive traction. 

The system most generally in use for operating electric locomotives 
underground is the ordinary trolley wire system as adopted in electric 
tramway installations. In America a combination of the third rail 
and the rack has now gained considerable footing. 

The Trolley Wire System 

In this system a bare copper conductor is carried along the centre 
of the roadway, near the roof, on insulators which are held by 
projecting arms fixed to the roof or side timber. This trolley wire 
conveys the current to the locomotive motor, which it reaches through 
the trolley pole and connections. After leaving the motor, the current 
reaches the rails through the shafting and gearing, and it returns 
through the rails of the track to the generating station. 
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According to the Special Rules for the Installation and Use of 
Electricity in Mines, "the trolley wires must be placed at least 7 
feet above the level of the road, or elsewhere if sufficiently guarded, 
or the pressure must be cut off from the wires during such hours as 
the roads are used for travelling on foot in places where trolley wires 
are fixed." It is evident that with a "live" conductor so near to 
earth as 7 feet there is great risk to life. In view of this, in the 
principal mining States in America the pressure allowable on trolley 
systems is limited to a maximum of 250 volts. 

One of the principal objections to underground electric locomotives 
is the necessity for a much heavier permanent way than is necessary 
with the ordinary forms of haulage. The weight of the locomotive 
may be anything from 3 tons to 20 tons, and this necessitates a heavy 
and an expensive railroad, as, if the locomotive got off the road, serious 
results might follow. 

The usual speed of locomotive trains varies from 6 to 10 miles 
per hour. Fig. 116 gives an example of electric locomotive traction on 
the trolley system. 

The Rack Rail System 

In this system, in addition to the ordinary track, there is a third 
rail, running in the centre of the way. 

This central rail is toothed or notched in a similar manner to the 
ordinary spur wheel, and in these notches runs a strong sprocket wheel 
keyed on a separate axle from the axle of the wheels of the locomotive. 
The rack rail is laid slightly higher than the track rails, in order to 
allow the teeth of the sprocket wheel to engage with the rack. 

Referring to the sketches in Figs. 117 and 118, HH are the 
ordinary locomotive wheels, AA are the sprocket wheels, C the rack 
rail, GG the track rails, E the wooden stringers on which the rack 
rail is supported when it also forms the positive conductor, D the 
wooden covering to protect the rack rail when a "live" conductor, 
and F the wooden foundation for the rack rail structure. 

The rack rail is built up in sections of 16 feet, and consists of bar 
iron I inch thick, and about 4 inches wide. The notches are from 
1^ to If inch wide. 

As the entire pulling force of the locomotive is exerted against this 
rack rail, it is evident that it must be of very substantial construction. 

In the rack rail system of locomotive traction, pure and simple, 
the power is obtained from an ordinary overhead trolley wire, but 
where the third rail system is adopted the rack rail forms the posi- 
tive conductor, and the overhead wire is dispensed with. 

The rack rail, of course, is adopted in order to enable the electric 
locomotive to negotiate steep grades. The motors in the rack rail 
locomotive are generally of the series-wound continuous current type, 
to give good starting torque. 

14 
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Where the rack rail also forma the positive conductor it is so 
conatructed that it is impossible for men or animals to come into 
accidental contact with it. 

For varying grades, where the roadway at some parts becomes 
practically level, a combination of the rack rail and the traction 
locomotive is supplied. This type is so designed that when on the 
inclined [wrtion of the road it works as a rack rail locomotive and 



FiQ. 118. 

on the level as an ordinary traction locomotive — the rack rail on that 
portion of the road being, of course, dispensed with. The speed of 
the locomotive motor is reduced to suit the speed of the trains, first 
by bevel gearing from the armature shaft, and then by spur gearing 
on the axles of the locomotive. 

The rack rail system of locomotive traction is now in very extensive 
use in the United States of America, and elsewhere. 

Its ability to surmount heavy grades gives it a sui»riority over 
the ordinary traction system^which is readily evident. 
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Gathreinq LocoitoTivBa 

These are no called because they are fitted with apparatas which 
enable them to ran a considerable distance beyond the tenninDS of the 



trolley line, for the purpose of gathering a train of loaded tubs from a 
group of working places. This " extension " is effected by the em- 
ployment of a reel of flexible cable which is carried in the rear of the 
locomotive. When it is desired to go beyond the trolley terminus the 



HAULAGE, WINDING, AND LOCOMOTIVES 213 

end of the cable ia attached to the trolley wire. The flexible cable 
thus takes the place of the trolley pole for the time being. In this 
way the locomotive is enabled to work in various sitimtiona where it 
would be undesirable or impossible to carry the trolley Una 

As the locomotive proceeds " inbye," the cable is automatically 
ran off the reel at a speed equivalent to the speed of the locomotive, 
and on retuining the cable is re-wound on the reel again. 

The two most notable types of thb class of locomotive are the 
Goodman and the Jeffrey. 



Flii. 120.— Mather & Piatt luidergrouiiil loeomtitive. 

In the former tyi* only one motor is used, and this is geared, by 
means of specially designed gearing, with both ajcles of the locomotive. 

The locomotive has a very short wheel base to enable it to nego- 
tiate short curves. Fig. 119 shows the Goodman gathering locomotive. 

In the Jeffrey ty[)e the arrangements are somewhat similar. 
Enclosed fuses are used, and also a cylindrical switch controller and 
a circuit-breaker. The resistance coils are of large capacity, so as 
t*j enable continuoi^ control of the sjieed to be effected without 
excessive heating. 

Fig. 120 shows an underground mining locomotive made by 
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Messrs. Mather & Piatt Ltd. The locomotive, as illustrated, works 
in a tunnel 5 J feet high and 5 J feet wide. The frame is of steel, 
as are the axles and tyres, the wheel bodies being of cast iron. 
There are two entirely enclosed direct current motors, mounted one on 
each axle, being partly borne on the axle and partly by springs 
attached to the underframe. The drive is by single reduction gear. 

The current, at a pressure of 500 volts, is collected from an 
overhead conductor by an ordinary trolley arm, the return being by 
the rails. The locomotive is fitted with a series-parallel controller of 
the barrel type and electric brake, as well as with a screw hand-brake 
and the customary lightning arresters and instruments. 

The dimensions of the locomotive are as follows. Length, 12 feet; 
width, 4 feet 5 inches ; height, 4 feet 1 1 inches ; wheel-base, 4 feet ; 
gauge of railroad, 2 feet 5 J inches. It has a total weight of 4 tons, 
and is capable of exerting a draw-bar pull of 1100 lbs. at a speed of 
10 miles per hour. 

Storage battery locomotives are also sometimes employed in mines 
underground. The battery consists of a suitable number of secondary 
cells or accumulators. These are charged from electric mains, and are 
carried behind the locomotive in a separate carriage. In this system, 
of course, no trolley wire is required, the locomotive motor being 
driven from the battery. The system is not very economical. 
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Advantages and disadvantages of the electric motor in pumping — Types of 
electrically driven pumps : three-throw ram pumps, horizontal and ver- 
tical — Description of three-throw pump at Wellsgreen Colliery, with 
dimensions of pump and calculations for finding capacity of pump, H. P. 
of motor, etc. — Speed of ram pumps — Reducing speed of motor to suit 
speed of pumps by belting and gearing — The Riedler pump : its advantages 
and disadvantages — The Gutermuth valve — The centrifugal pump — High- 
lift centrifugal pump — Turbine pump — Description of turbine pump at 
Wellsgreen Colliery — Formulae relating to the centrifugal pump — Dook 
pumps — Sinking pumps — Frictional resistance to flow of water in pipes — 
Some pumping installations. 

Electric Pumping 

Electricity haa been applied to a multitude of mining operations 
and appliances, but to no purpose has it been more advantageously 
adapted than to the working of pumping plants of various kinds. A 
few years ago electric pumping was but little heard of, but so 
successful and satisfactory were the first experimental innovations 
in that direction that soon electric pumping began to find great favour 
in the eyes of mining engineers, until nowadays electrically driven 
pumps have well-nigh monopolised the field for underground work. 

Various reasons might be given why the electromotive-power for 
pumping should be held to be superior to other forms of driving 
power, such as steam, compressed air, ropes, hydraulic power, etc. ; 
and the following are a few of the more important advantages over 
these which electric pumping may be said to possess : — 

1. Greater adaptability to the various and varying conditions 
under which pumping has oftentimes to be carried on underground. 

2. The power cables are much more quickly and easily carried to 
the point of utilisation than are the pipes necessary where steam or 
compressed air is to be the motive power, and if the work has been 
efficiently carried out little or no trouble is afterwards experienced in 
maintaining the cables in good condition, a feature which can seldom 
be cited in favour of steam or even compressed air pipes. 

3. There is less loss in the transmission of electric power than in 
conveying steam underground. 

215 
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4. Steam pipes occupy valuable space in a shaft, and are often a 
source of great danger through the escape of steam, neither of which 
disadvantages can be laid to the charge of electric cables. 

5. The electric motor can adapt itself more quickly and more 
eflfectively to sudden or frequent changes of load than can a steam- 
engine, and the speed of a motor, whether the pump which it is 
working is throwing its full quantity of water or not, is practically 
always constant, a most desirable feature in pumping. 

The above are some of the most important advantages in electrical 
pumping, and show that the superiority over other forms is indisputable. 

The electric pump, however, has also some disadvantages, and to 
enable the student to form a better opinion as to its merits, one or 
two of these may be cited. 

The disadvantages are— 

1. Loss of power due to the conversion of the electric power of 
the motor into mechanical power on the motor shaft. 

2. Necessity for the intervention of belting or gearing, or both, in 
the transmission of the power of the motor to the pump, with the 
consequent loss. (This does not apply to centrifugal pumps and 
turbines where the use of gearing is entirely dispensed with.) 

3. The electric motor is unsafe in a fiery mine, unless very 
exceptional precautions are taken to prevent sparking, fusing, or arcing 
taking place in situations where there is the minutest chance of firing 
gas. 

Types of Electrically Driven Pumps 

There are various types of the electric pump, and one of the 
most common as well as one of the most efficient is the three-throw 
ram pump, an illustration of which is shown in Fig. 12L 

It is a most suitable form of pump for pumping large quantities 
of water from dip workings, and for such work it is very frequently 
adopted. 

The pump may be actuated either through intermediate gearing 
or by belting and gearing, the gearing being sometimes spur but 
frequently helical. 

The speed of the motor may be anything from 600 to 800 
revolutions per minute, while in that time the cranks of each of the 
three pumping rams would make from 25 to 35 revolutions. 

As the name implies, in this type of pump there are three rams, 
working in three separate working barrels, each separate ram making 
one backward and one forward stroke during each revolution of the 
pump. The rams are set 120" in advance of each other, so that at 
no portion of a revolution can all three rams be drawing or pumping 
water simultaneously. For instance, either two rams will be pumping 
v/ater while the other is drawing its water, or one ram will be 
pumping while the other two are drawing. 
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Each ram is provided with a separate suction pipe, but all three 
suctions are connected by a horizontal suction pipe to each other, the 
horizontal pipe being just immediately above the snore piece. This 
arrangement ensures the three suctions. being kept equally filled with 
water. The clacks are sometimes of the mushroom variety, but 
frequently a kind of double-beat clack working on a fixed central 
spindle is used. After passing through the delivery clacks, the 
water passes through three short delivery connections into a common 
rising main, through which it reaches the shaft-bottom sump, or the 
surface, as the case may be. 

The action of the pump is similar to that of the ordinary plunger 
type. 

The three cranks, being set 120° in advance of each other, ensure 
a steady flow of water in the delivery. This arrangement enhances 
the efiiciency of the pump, and reduces the shock and the wear and 
tear on the working parts to a minimum. For a pump designed to 
raise, say, 400 gallons per minute, the suction pipe should be about 

9 inches in diameter, delivery 8 inches in diameter, and the rams 

10 inches in diameter, with a length of stroke of about 18 inches, 
and the pump making 35 revolutions per minute. 

Fig. 121 shows a horizontal three-throw ram pump, belt-driven 
by an electric motor, and capable of raising 5000 gallons of water 
per hour against a head of 600 feet. 

Larger sizes of the same type of pump are built by the firm. 

Sometimes a three-throw pump with the rams working vertically, 
and actuated through spur, helical, or worm gearing from the motor 
shaft, is adopted. This type possesses the advantage of occupying 
little space. 

Electric Three-throw Pump at the Wellsgreen Colliery 

An electric pump of the three-throw type has been at work for 
several years in the dip workings of the above colliery, and the 
following particulars and dimensions relating thereto may be of 
interest : — 



Pump dimensions — 

Diameter of rams 

Length of stroke 
Diameter of main driving shaft . 
Diameter of smaller helical gear pinion 
Diameter of larger helical gear wheel . 

Ratio ...... 

Pump revolutions per minute 
Speed of rams per minute . 



7J in. 
12 „ 

4 „ 

1 ft. 1 in. 

3 ft. 3 in. 

3 tol. 
37. 
74 ft. 



The motor is of the bi-polar type, is compound-wound for 
90 amperes at 450 volts, and is capable of maintaining a torque 
equivalent to 50 B.H.P. at a speed of 610 revolutions per minute. 
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The pump works against a total head of about 450 feet, and throws 
approximately 190 gallons per minute. 

In ordinary working the motor takes 75 amperes at a working 
pressure of 365 volts, and develops a brake-horse-ixiwer of alxiut 36. 

The speed of the motor is first reduced by means of a belt-drive, 
then afterwards by the gearing above mentioned. 



F[0. 122. —Scott & Mountain three-throw pump. 

A view of the type of pump installed is shown in Fig. 122, the 
only difference being that spur gearing is used instead of helical. 

FoHMUL.« REIJITINQ TO ThREE-ThROW PuMPS 

To find the quantity of water that a three-throw pump will 
deliver, the following formula is used ■.^- 

G = D«xO-034xLxNx«. 
Where D = diameter of ram in inches. 
L = length of stroke in feet. 
N — number of strokes per minute.' 
n = number of rams. 

G = quantity of wat«r raised, in gallons yter minute. 
' It should be noteii that only Lho forcing strokes of the ram are taken into 
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To find the size of pump necessary to throw a given quantity of 
water per minute, the speed of pump and number of rams being 
previously determined, transpose the above symbols to the following : — 



-y> 



G 



LxNx7ix0034 

In the above formulae, 10 per cent, must be added in each case, 
to allow for slip or leakage of water past valves, etc. 

To find H.P, of motor required we must know the quantity of 
water to be pumped per minute, and the total height to which the 
water is to be raised. 

The formula is — 

Quantity in lbs. x height in feet 
33;000 
This gives the power required solely for the pumping of the water, but 
a considerable amount of power is lost in the friction of the gearing, 
slip of belt, and in the motor itself, so that the latter w^ould require 
to be at least 50 per cent, stronger than the H.P. given in the above 
calculation. 

Speed of Pumps 

The speed of motor-driven three-throw and two-throw ram and 
bucket pumps may be anything from 40 feet per minute up to 110 
or 120 feet per minute. Such a high speed as 120 feet per minute 
is very disastrous to the working parts of the pump, and can only be 
maintained for very brief periods, owing to the rapid heating up of 
the bearings and cranks. The usual speed is from 60 feet per 
minute to 80 feet per minute. Thus a crank with a throw of one foot 
would have to travel at 30 revolutions per minute, in order that the 
speed of the ram coupled to it would be 60 feet in the same time. 

With so slow a speed as 30 to 40 revolutions per minute, the 
speed of the motor must, of necessity, be greatly reduced, and this 
may be effected in various ways, such as by spur gearing only, by 
spur gearing and belt, or occasionally by worm gearing. 

Worm gearing is suitable where the available space is limited, but 
is perhaps the least efficient of all the methods, owing to the great 
amount of power absorbed by the friction of the worm and worm wheel. 

Spur gearing is also suitable for limited space, but, if the necessary 
room is available and the atmospheric conditions favourable, a belt or 
ropes and spur gearing is probably the best method of reducing the 
speed of the motor to suit the speed of the pump. 

Helical gearing is also frequently employed, and gives every satisfac- 
tion. The pinions are generally of metal with the teeth machine-cut, 
but raw-hide pinion wheels have occasionally been tried with much 
success. There is this to be said in favour of raw-hide pinions, — they 
are practically noiseless, and that cannot be said of the metal wheel. 
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The Kiedleb Pump 
The principal feature in the Riedler pmnp k Its mechanicaily 
controlled valve. The advantages of mechanical control of pump 



valves are readily apparent, and the more important are : (1) Slip ia 
reduced to a minimum ; (2) higher efficiency is obtainable ; (3) pump 
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may be run with safety at a higher speed than with ordinary pump 
valves, owing to the fact that the valve is worked practically 
independent of the water pressure. 

In Fig. 123 is shown a descriptive diagram illustrating the 
principle of operation of the Riedler valve gear, and the relative 
position of the plunger and valves. There are two plungers, the 
large one of which displaces twice the quantity that the small 
plunger is able to displace. The two plungers form practically one 
pumping ram, the small plunger being behind the larger. There is 
only one suction and one delivery valve, as may be seen in the 
diagram, for practically a double-acting pump. The large plunger 
discharges half its water to delivery pipe A, and half to barrel B, 
this on the forcing stroke of the pump. 

On the out, or suction stroke, the difference of area of the small 
and large plungers discharges the contents of B through A. 

The operation of the Riedler valve is as follows : — 

At the beginning of the suction stroke the valve opens auto- 
matically, the controlling fork or tappet having been lifted away 
from the valve. Near the end of the stroke the tappet on the end 
of the shaft, actuated by the gear outside, moves downward, and 
before the plunger starts on its return stroke closes the valve. As 
the result of this early closing of the valve there is little or no 
leakage through the delivery clack. The motion for the valve 
mechanism is ordinarily obtained from an eccentric on the crank 
shaft. 

It will be noticed in the diagram that three positions of the 
plunger, valves, and gear are represented by the numerals 1, 2, and 
3. The numeral 1 indicates the position of plunger, etc. at the 
beginning of the suction stroke ; 2, their position at the middle of 
the stroke ; and 3, their relationship at the end of the stroke. 

The Gutermuth Patent Valve 

The Gutermuth valve is now being fitted to the Riedler type 
of pump. It practically consists of a sheet of metal coiled in the 
form of a spring round a central spindle. The spindle is held in its 
place by means of clamps, or set screws, and the valve is seated in a 
small recess in the suction pipe or delivery as the case may be. 

The outer extremity of the coil of metal forms the valve proper. 

The flow of water is sufficient to open the valve, which offers the 
minimum of resistance to its passage, and when the flow of water has 
ceased the tension of the spring closes the valve instantly, and with 
little or no noise. The advantages claimed for the Gutermuth 
valve are the following : — 

1. Simplicity and cheapness. 

2. Instantaneous opening and closing. 
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3. Practically noiseless action. 

4. Minimum obstruction of the moving fluid. 

5. Wear and tear of valves and seats reduced to a minimum. 

6. No guides, guards, etc. are required. 

The Centrifugal Pump 

The centrifugal pump is the most suitable of all the forms of 
electric pumps for being motor driven. 

It can be coupled direct to the armature shaft of the motor 
either with a rigid connection or an elastic coupling, preferably the 
latter, and may be driven at any speed from 500 revolutions per 
minute up to 2000 revolutions per minute. 

It has one conspicuous advantage over the three-throw and 
similar forms of pump, in that it has no valves, and is in consequence 
able to pump muddy or gritty water without damaging the working 
parts or hindering its action in any way. 

The centrifugal pump is thus particularly suitable for disposing of 
the discharge water from coal- washing machines, or for use in sinking 
or dook-driving, providing the head of water is not too great. The 
centrifugal pump in its simplest form consists of a number of curved 
blades arranged round a central axle or shaft, and revolving in an 
approximately circular casing which is connected up to the delivery 
pipe or column. 

Both in outward appearance and internal construction the 
centrifugal pump is, therefore, not unlike the ordinary centrifugal 
fan. 

Its action, too, depends upon the same principle, namely, centri- 
fugal force. The water contained between the blades of the pump, 
by reason of the centrifugal force, is thrown off at a tangent, and 
finds escape at the orifice leading to the discharge column. A single 
centrifugal pump coupled directly to an electric motor is illustrated 
in Fig. 124. Until quite recently the main objection to the cen- 
trifugal pump has been the very low efficiency obtained, and as the 
limit of working head of a single pump is about 70 feet, this has 
entailed the use of cumbersome combinations for higher lifts. These 
objections, however, cannot now be urged against the centrifugal 
pump, as by coupling up two or more single pumps in series it is 
possible to throw water to any height up to 1000 feet, and still 
obtain a very good efficiency. 

The principal feature in the multiple chamber centrifugal pump 
is that it consists of one or more sets of vanes or impellers, each 
running in its own chamber, but upon a common shaft, the delivery 
pressure of the liquid varying directly as the number of chambers 
used. Thus, if an ordinary single pump can deliver water against a 
head of 70 feet, the addition of another chamber will give a final 
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delivery head of 140 feet, while four chambers will enable the pomp 

to discharge the same amount of water against a total head of 
280 feet. 

In Mather & Piatt's patent turbine pump the water enters the 
revolving wheel axially, traverses the curved internal passa^ 
between the vanes, and is discharged tangentially at the periphery 
into a stationary guide ring of special construction ; this conveys it to 
the annular chamber in the body of the pump, where the velocity head 
imparted to the water by the wheel is converted into pressure head. 



Fio. 124. — HotoT-driven centrifugal puiii[i. 

From this chamber the water is finally discharged into the pipe 
lines, or, if the pump be a multiple one, into the second and subse- 
quent chambers. A special feature of this pump is the provision of 
die stationary guide ring mentioned above ; this is fixed concentric 
■with the revolving vanes, and, owing to its design, enables the con- 
version of velocity into pressure head to be very effectively accom- 
plished, thus increasing not only the possible height of lift, but also 
the working efBciency of the pump. 

This type of pump is well illustrated in Fig. 125. 

The ideal source of power for working centrifugal and turbine 
pumps is undoubtedly the directly coupled electric motor. 
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Tho turbine inim|i posHunsesi many iitlvaTitiigcs, coiistiicuous 
amongst tltuse buing the niuall number of working [lartn, couipactness, 
low first cost, and minimum of wisar and tear. 

Fig. 126 illuHtratoa a iiuailruiile-series cuntrifiigal i>ump, designed 
to discharge large Tolitme!* of watur against a niaximuni lift of 30 feet. 

The jiuini>8 are arranged two on either aide of an electric motor, 
and are all coupled directly. The centrifugal pumji, to work 
satisfactorily, should have a very short suctioii piece, or, better atill, 
work entirely under the water. 



Fio. 126. — Centrifugal pitmps in series. 

At the Wellsgreen Colliery a motor-driven turbine pump has 
been at work for several years. The pump consists of five centrifugal 
wheels in series, each working in aeiiarate chambers. The motor is 
of the direct-current multipolar type, works at a pressure of 480 
volts, takes between 130 and HO amperes at full load, and travels 
at the terrific speed of some 1400 revolutions ]>er minute. The 
pump throws about 440 gallons per minute to a height of 504 feet. 
The turbine is connected to the motor by an elastic coupling, which 
consists of a belt of leather threaded through suitable jwrforations in 
the two Jlanj^-8 (sec Fig. 125). At each of tho bearings throe brass 
lubricating rings run loose on the shaft to fiicilitate lubrication. 
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Formulae relating to Centrifugal Pumps 

In calculations relating to the centrifugal and turbine pumps the 
following formulae are adopted : — 

Let S = speed of periphery of wheel in feet per second. 
H = height in feet to which water is to be delivered. 
D = diameter of wheel in feet. 
G = gallons of water delivered per minute. 
E, = revolutions per minute. 

(a) To find i)eripheral speed of impeller or wheel in feet per 
second. 

In the above, c is a co-efficient, usually taken to equal 8*2 for 
small pumps, and 9*8 for pumps of large capacity. 

(b) To find diameter of wheel, the quantity and head being 
given — 

j)_ / G^6-25 

V \/HxO-16 

(c) To find revolutions of wheel per minute, the head and the 
diameter of the wheel being given — 

/tt 

li ^ 1 56 — -> for small pumps. 

/XT 

„ = 186 "" , for large pumps. 

The height to which the simple centrifugal pump will deliver 
water is theoretically equal to - -. In practice, however, this has to 

be reduced by 25 per cent. 

The horse-power of motor required will be found by multiplying 
the height in feet by the quantity of water in lbs. delivered per 
minute, and by the efficiency of the pump and motor, and dividing 
by 33,000. The efficiency of the pump may be anything from 0*55 
to 0*65, and the efficiency of the motor, say, 0*85, the combined 
efficiencies being thus ecjual to from 70 to 75 per cent. 

Situation of Pumps 

In installing electric pumps, care should be taken that the 
situation is as dry as possible. The pump and motor should both be 
mounted on raised concrete or brick foundations, and ample provision 
should be made for storing the water should any breakdown occur in 
either the pump or the motor. 

The storage capacity should be of such dimensions as to allow the 
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pump to stand for a jjeriod of at least forty-eight hours without the 
water rising so far as to interfere with the motor ; if greater storage 
capacity than this is available, so much the better. The pump-house 
should be lined with brick and cement, and the roof lined with sheet 
iron supported on girders. 

The pump should be situated fm near to the level of the water in 
the lodgment as possible, keei>ing in view tlie desirability of ample 
storage room. 

The t3'pe of motor to be used will depend very much upon the 
form of current available. 

Amongst continuous current motorN, the compound- wound ty]>e 
is probably the best for pumping, as it gives a good starting torque, and 
runs at practically constant sjieed at all loads. 

One advantage possessed by the three-phase motor is that it 
will continue to run even though completely submerged under water. 
Of course it must not be ansumed from this that the three-phase 
motor may be run under water for prolonged periods with entire 
immunity from injury. This is not so, but we give it as an 
advantage peculiar to the thi-ee-phase ty["e that it may be made to 
run under water. 

In the driving of dooks and mines to the dip of a coal seam a 
good deal of water is sometimes made, and in order that the work can 



Fi'i. 127. — Earn pump in dook workings. 

be expeditiously proceeded with it is imperative that the face of the 
working be kept constantly dry. 

For this class of work motor-driven pumps are sixM;ially suitable, 
owing to tlie small sjKice hIiicIi tliey c;iii lie arranged to occupy, and 
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the ease with which they can be carried forward as the face of the 
working advances. 

The three-throw pump and the centrifugal pump are two of the 
best for the purpose. 

The centrifugal does good work for lifts up to, but not exceeding, 
60 feet, but for higher lifts the three-throw pump is perhaps 
j)referable. 

The three-throw is sometimes mounted on a jjortable bogie, so that 
it can be the more easily carried forward when necessary, or it can 
be arranged to work in a recess cut into the side of the dook or mine, 
conveniently near the face of the working. The pump must, of 
course, be brought nearer to its work whenever the rams attain a 
working height above the level of the water in the sump hole of over 
20 feet. 

Fig. 127 shows a ram pump driven by a continuous current motor 
for use in dook workings. The switch-gear and meters are situated 
in the rear of the motor, and the entire apparatus is carried on a 
bogie bedplate so as to expedite transportation. High-lift centrifugal 
pumps are also very suitable for this class of work. 

Sinking Pumps 

Electrically driven pumps are now being employed in sinking 
operations and also in the unwatering of old shafts, and would seem 
to be eminently suited to such work. 

For this class of work, pumps of both the plunger type and the 
centrifugal have been adopted. 

One of the latest types of electrically driven sinking pumps is the 
one shown in Fig. 128. The pump is of the dui>lex single-acting 
plunger tyj^e, driven by a motor of damp-proof construction. The 
speed reduction is made through a raw-hide spur pinion on the motor 
shaft, which gears into a cast-iron wheel on the second motion shaft. 
A pinion on the second motion shaft engages with another gear wheel 
on the crank shaft of the pump. The motor is former- wound, and 
can be built for continuous or polyphase currents, and for any 
voltage. The pump and motor are slung in the shaft from a capstan 
engine or winch by means of the two eye-bolts shown above the 
motor. The pump is a very compact, convenient, and efficient 
apparatus. 

Another type of sinking pump is illustrated in Fig. 129. This 
pump is of the centrifugal type, the pumping wheel being fixed on a 
vertical spindle to suit the situation. The motor is totally enclosed 
and water-cooled, the whole of the water delivered by the pump 
being passed through an annular space provided in the motor 
casing. 

This form of cooling is quite as efficient as the usual method of 



h 






FjG. 128.— Sandycroft sinking pump. 
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dei)ending upon air ventilation, and ia mucli safer for mining work, 
as it enables the motor to be totally enclosed, and so protects the 



Ki(!. 129. — Tnrljiije sinking puiiip. 

electrical [wrtion of the machine fi-oni damp or risk of mechanical 
ii^jury. The pump ia slung as shown in the illustration. 

Fkictional Uesihtance to Flow of Watkr in Pipes 

For all tyixjs of ])um[i3 the frictional loss for the size and length 
of pii* (both suction and discharge) must be calenlatod and allowed 
(or in fixing on the size of pump to use and the power required to 

The accompanying table, for whicli we are indebted to Messrs, 
Scott ik Mountain, gives the loss per 100 feet run for varying sizes 
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of pipes when i>as8ing water at any given speed. The gallons 
delivered per minute are also stated. 

As a proof of the usefulness of such a table, let the following 
example suffice : — • 

A pump is required to deliver 250 gallons per minute through 
a 5-inch pipe to a head of 300 feet at a speed of 5 feet jjer second. 
A reference to the table will show that, at 5 feet per second, a 5-incli 
pipe will pass 255 gallons per minute with a loss of 2*05 per 100 feet. 

This, for a head of 300 feet, is equivalent to 6-15 feet, and the 
pump must therefore be designed for a head of, say, 307 feet. 

Loss IN Feet-Head per 100 Feet Run due to Pipe Friction. 



0) . 
7} 



I 5 



6 



8 



Gallons 

per Minute, 

and Loss in 

Feet per every 

100 Feet. 



Diameter of Pipes in Inches. 



Gallons per minute . 
Loss in feet . 



Gallons per minute . 
Loss in teet . 



Gallons per minute . 
Loss in feet . 



Gallons per minute . 
Loss in feet . 



Gallons per minute . 
Loss in feet . 



Gallons per miuute . 
Loss in feet . 



24-6 
2-04 



32-8 
3-42 



41 
5-1 



49-2 
7-15 

57-4 
9-52 



65 -fi 
12-2 



55 
1-35 



73-6 

2-28 

91-7 
3-43 



97-9 
1-02 

130 
1-71 

163 
2-57 



110 

4-78 



195 
3-59 



128 I 228 
6-38 4-77 



147 ' 260 
8*16 6-12 



5 


6 


8 

391 
0-509 


10 


152 220 
0-815 0-679 


612 
0-407 
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l-37i 


293 
1-14 


522 
0-856 

655 
1-28 


817 
0-685 


255 
2-05 


367 
1-71 

441 
2-39 


1017 
1-03 


305 

2-87 


780 
1-79 


1223 
1-43 


365 
3-81 


514 
3-18 


911 
2-38 


1428 
1-90 


408 
4-9 


586 
4-09 


1044 

3-06 

1 


1634 
2-45 



12 




1466 

0-855 




2346 
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PuMPiNci Installations 

One of the most up-to-date installations of electrical pumping 
machinery was recently carried out by Messrs. Scott <fe Mountain, 
of Newcastle-on-Tyne, at the Manton Colliery, Worksop. 

The power is generated by three sets of horizontal coupled 
compound slow-speed steam-engines, with crank-shaft alternators, 
each set being capable of develoi)ing 470 effective H.P., and 360 
K.V.A. at the alternators. 

The total K.W. obtained from each generator, with a power 
factor of 0-9, is 330. The current is three-phase, at a periodicity of 
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50 cycles jier second, the volts per phrase being 500, and the amperes 
per phase 428. 



>[■ of tuiiiine siiikiiii; 



No. of pumps 
Diameter of eacli ram 
Length of stroke . 
Revohitiona per minute 
Gallons per minote, eacli 
Total do. 

Vertical head 
Horae.power of each inotor . 



Bottom Level. 
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The pumps are of the three-ram type illustrated in Fig. 122. 

Another important dejiarture in the adaptation of electric pump- 
ing to different situations is illustrated in an installation of electric 
turbine sinking pumps recently carried out by Scott <fe Mountain at 
the Dover Colliery, belonging to the Kent Collieries Ltd. 

In the course of sinking, a considerable quantity of water was 
made, and as the work of sinking, and also the tubbing of the shaft, 
must be done simultaneously with the pumping, it is most essential 
that a system of pumps be adopted which occupies a minimum space 
in the shaft, and can also be readily raised or lowered according to 
the level of the water. After mature consideration it was decided 
to adopt motor-driven centrifugal pumps of the vertical spindle type. 
There are two sets of these electrically driven centrifugal pumps at 
work. Each pump is capable of delivering 1000 gallons per minute 
against a head of 640 feet. 

The pumps are of the tyjje illustrated in Fig. 129. Each pump 
consists of four stages, the impellers being of gun-metal, with gun- 
metal guide plates for reducing the internal friction of the water. 
The pump spindle is sui)ported by means of a special ball bearing, and 
is connected direct to the motor shaft by means of a flexible coupling. 

The motors are a special feature of the installation. They are 
totally enclosed and water-cooled, the whole of the water from the 
pumps being passed through an annular space provided in the motor 
casing. The motor is shown in Fig. 130. Each motor is capable of 
developing 300 B.H.P. at 1440 revolutions per minute, the pressure 
at the terminals being 2400 to 2500 volts. 



CHAPTEE X 

ELECTRIC-POWER DRILLS AND UNDERGROUND 

COAL CONVEYORS 

The application of electric drills to mining operations — Rotary drills — The 
Jeffrey drill — The Waterhouse drilling machine — The Corlett patent rotary 
drilling machine — The Crescent coal drill — Percussive or reciprocating 
drills — Tlie Marvin-Sandycroft electric rock drill — The Siemens recipro- 
cating drill — Electric underground coal conveyors — Their application and 
advantages. 

Electric Drilling Machines 

Up to very recent years, conii)ressed air monopolised the field as 
the motive power for actuating rock and coal power-drilling machines, 
but since the advent of the twentieth century, so rapid has been the 
development of electric-i)ower drills, that (juite a host of different 
makes are now on the market. Some of those machines have proved 
surprisingly successful, especially for drilling shot-holes into coal and 
shale, where the rotary motion, characteristic of the majority of present- 
day electric drills, is certainly more applicable than it has proved to 
be in harder material, such as rock, etc. 

As has been remarked, the greater number of the electric drilling 
machines at present on the market produce a rotary motion on the 
drilling tool, but there are also a few examples whose action is jxir- 
cussive, and the best of these will be noted presently. 

The ixjrcussive drill is most suitable for boring in the harder metals, 
such as rock, sandstone, whin, granite, slate, etc. 

Undoubtedly the adoption of electric-power drills for special 
purj)oses may be arranged to effect a considerable saving. 

In narrow work the drilling of shot-holes is generally a constant 
necessity, and in sinking shafts, stone mines, cross-measure drifts, and 
similar undertakings, drilling is absolutely indispensable. The use of 
the electric drill in such operations, and in nearly all undertakings 
where shot-hole drilling must necessarily be extensive, is certainly 
calculated to effect considerable economy. Instances are on record 
where the rate of travel in stone mines and cross-measure drifts has 
been more than doubled by the substitution of electric-power drilling 
for hand boring. 

23s 
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The Jkffrky Electric Drill 

This drill iH in very extensive ase, eHiHx:iaIly in the aothracite 
minsH of America. 

The motion i» rotary, aii<I is suitable for drilling in both coal and 
rock; the only alteration in the machine for use in hard material 
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liciiig a reduction in the cutting H[)ced of tho tool. Fig. 131 shows 
the Jeffrey drill for use in coal. 

The motor is series-wound, to give sufficient starting torque, and is 
geared to the drill in the ratio of about 5 or 6 to 1, according to the 
hardness of the coal. 

The drill is fitted into the end of a long screw. Small groovea 
traverse this screw, and into the.se projecting feathers on the boss 
of the larger gear wheel are made to fit. 
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The feed is obtained by a nut through which the long screw worms 
its way while the drill is in motion. The nut is held in a specially 
designed friction-slipping clutch, which is so adjusted that the drill 
slips when any unusually hard substance is encountered in the drill 
hole. 

The thrust is taken up by a ball race on the front of the machine. 
The frame is made in different lengths to suit the various seams. 
The hand wheel above the standard in the illustration runs on a 
short screw, and by its means the frame can be securely fixed. Holes 
may be bored in any direction and at any inclination within a range 
of 90 degrees. The total weight of the coal drill is only 180 lbs., and 
it is comparatively easy to handle. 

The machine can drill a hole 2 inches in diameter and 6 feet deep 
in about 2| minutes in fairly hard coal, including the changing of the 
drills and the cleaning of the drill hole. 

These drills are very suitable for boring exploration holes in 
approaching old workings, a hole 21 feet deep being finished in little 
over an hour. 

They have also been designed for working in rock, and the only 
important alteration made is the inclusion of a double reduction gear 
to allow of a slower feed. 

The machine as a whole is also much stronger, and weighs 
complete about 300 lbs. 

It feeds at the rate of 2 feet in 1^ minute. 

The standard voltages of the motors for the Jeffrey drills are 220 
and 500, continuous current, and the motors are of 1^ to 2 B.H.P. 

The Waterhouse Drilling Machine 

This machine is primarily designed for boring shot-holes in coal, 
and is not intended for drilling in rock. 

It is made by the Diamond Coal-Cutter Co., and, as seen in the 
accompanying illustration. Fig. 132, is fitted to Waterhouse's patent 
carriage, by which means it can be very readily moved from place 
to place. 

The motor is wound for anything from 400 to 500 volts, and a 
starting switch with automatic overload and no-voltage release is fitted 
to the stand. 

The motor is entirely enclosed. The motor and drill are mounted 
on a revolving stand, and can be readily raised or lowered, and will 
bore at any recjuired angle. 

Three drills are provided, which bore a l|-inch hole to a depth of 
5 feet. This little machine is admirably suitable for the boring of 
shot-holes to bring down the coal after it has been cut by a coal-cutter. 
In one instance, where sliot-lioles had to be bored every 7 feet on a 
500 yard longwall face to bring down the coal after the cutter, over 
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500 holoa were l>ored |ier week by tlie Waterliousu drill. The cost of 
boring the hole.s by hand 4 fuot 6 inehoM dcop wan about Sd. jter hole. 



Firi. 132.— Waterlioiisc driliitij; macliiiip. 

With the WftterhouRe electric drill the cost ]jer hole was reduced to 
l|d., representing a saving of over l^d. per ton. 

The Coklett Patent Rotary Drillino Machine 

Tliia electric drilling machine in <!cnigncd for Iwring in coal and 
moderately hard rock. Fig. 133 shows the inacliine fitted ready for 
boring, and Fig. 134 .shows tlio drill in plan and in section. 

The motor may be eitlier of the contiuEous current or the poly- 
phase type. 

The standard contiouous cun-oiit niotoi-a are series-wound, suitable 
for 110, 230, or 500 volts, and are gas- and waterproof. The standard 
polypha.se motors are .suitable for 500 volts at 40 i>eriods. The motor 
runs at a slow H]>ecd, allowing the telescopic shaft, which is geared 
into the boring machine at its outer end, to be coupled direct to the 
motor siiindle. The boring screw is oixsratcd through bevel gearing 
from the telescopic shaft. A friction clutch which can be set to slip 
at any desired overload is fitted on the spindle. The controlling 
switch is enclosed in a gas-tight ciise, au<l is fitted with magnetic 
"blow-outs." The thrust licaiing is of tlie conical roller ty])o, and 
is built for a working pressure of G tons, A feed gear arrangement 
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somewhat similar to that describod in conuection with the Jeffrey 
drill is provided, and the length of travel without changing a drill 
ia 23 inches. 

The Corlett machine has been in practical use for over three years, 
and ia at work at collieries la all the most im]X)rtant of the English coal- 
producing shires. 

The Ckescekt Coal Drill 
This machine ia particularly suitable for drilling iu coaL 
The general form of the machine is clearly illustrated in Fig. 13,5. 



Fig. 136. — Crescent coal drill. 

It is built up on a steel box carrying the motor and the gearing. 
The drill wpiadle is fitted in a universal swivelling head fitted to the 
top of a screwed [jillar, this latter being provided with a four-handled 
nut for adjustment in a vertical direction. The drill can be set to 
bore in any direction radially — upwards at any angle to 30 degrees, 
and downwards to 20 degrees, and the driving wheels are always in 
full gear whatever direction the drill ia set to. The machine is held 
in position by being wedged up to the roof, the handled nut being 
awd for this purpose. The spindle is jirovided with a pair of clasp 
nuts and a friction feed device, which gives a complete range of speed 
from zero to the full jiitch of the feed screw. The motor is of 
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2 B.H.P., and can be built for any voltage up to 600, and for either 
continuous or alternating current. The whole machine is self-con- 
tained, runs on four travelling wheels, weighs about 3^ cwts., and may 
be transported from place to place with ease. 

Percushive or Reciprocating Drills 

One of the best of the percussive type of electric drills is that 
patented by the Sandycroft Foundry Co. Ltd., and known as the 
Marvin- Sandycroft electric rock drill. 

The recii)rocating or to-and-fro motion i)roduced in the drill holder 
or piston of this machine is dependent for its action upon the property 
possessed by a solenoid or coil of wire through which an electric 
current is passed of drawing into its cylindrical core any suitable 
piece of metal which comes within the influence of its magnetism. In 
the Marvin -Sandycroft drill (see Fig. 136), two coils of copper wire (3) 
are used, each insulated from the other by mica, and enclosed by a long 
tube of steel, the whole forming practically one powerful solenoid of 
copper and iron nearly two feet in length. In the interior of this 
tube or solenoid is a loosely fitting core of mild steel (1, 2, and 4), 
which is provided at its outer end with a chuck (6) for holding the 
tool. This tube core carries the drills, and has a stroke of from 6 to 
8 inches. The action of the drill is as follows : — 

The electric current, in passing through first one coil of wire and 
then the other, induces or sets up an alternate magnetism, which, 
acting on the loose steel core or plunger, pulls the latter backwards 
and forwards in the solenoid in rapid alternations. The constant 
alternation of the current in the two coils is produced in the generator 
itself, and conveyed to the drill by a three-core cable, or even through 
three bare copper conductors, the voltage being very low, only 145 volts. 

By means of the rifled bar (8) and ratchet wheel (9) such as is 
common to most reciprocating drills, the drilling plunger is given a 
slight turn after each blow. To enable a portion of the energy stored 
in the plunger during its backward stroke to be utilised in increasing 
the force of the forward stroke, a strong recoil spring (7) is fixed in 
the rear. There is also a feed screw arrangement for keeping the 
drill up to its work. The cables conveying the current are connected 
up to the wires of the solenoid coils by means of the brass plugs (10). 
The number of strokes \)er minute depends ui)on the speed of the 
generator. The drilling plunger makes one complete backward and 
forward stroke for each revolution of the dynamo. The average 
number of strokes varies from 350 to 385 per minute. 

The force of the blow struck is i)robably as powerful as that of 
some well-known air-power drills, and it is claimed that the Marvin- 
Sandycroft machine will give the same blow with only half the horse- 
power required by the air-drill. 
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As will have been learned from the above description, there is 
neither motor, gearing, shafting, glands, nor valves in the Marvin 
system, and the absence of these certainly renders the drill an 
exceedingly simple and reliable machine. 

Several of these drills have been in use in this country for some 
time, and most of them have provided substantial proof of the 
efficiency, reliability, and mechanical durability of this drill. 

The machine is provided with a triix)d, column, or stretcher bar, 
as the situation may demand. 

The Siemens Reciprocating Drill 

Messrs. Siemens also manufacture an electric drill of the percus- 
sive type (Fig. 137). 

Unlike the Marvin drill, however, the drill bar or plunger in 
the Siemens machine is driven by a connecting rod and cross head 
from the counter shaft of a motor. Heavy s[)iral springs are 
interposed between the cross head and the drill bar in order to take 
up some of the shock of reversal in the movements of the bar. The 
bar is screw-threaded, working in a nut to produce partial rotation 
of the drill in one direction during its forward stroke. A feeding 
arrangement worked by hand is provided. The motor, which may 
be wound either for continuous or three-phase current, and for any 
voltage up to 300, actuates the drill through spur gearing, one 
reduction being sufficient to reduce the speed of the motor to the 
speed of the drill. A friction clutch is used to throw the motor into 
gear after it has attained full speed. Arrangement is made by 
means of a spring device in the clutch, so that at a certain overload 
the clutch will slip and so relieve the motor from undue strain. 
The motors are either of 1 or 2 H.P. according to the size of the 
drill, and as the number of strokes i)er minute of the latter varies 
from 400 to 500. 

Electric Underground Coal Conveyors 

The electric coal conveyor is an appliance designed for the 
purpose of carrying the coal along the working face to a common 
main gate-road, dispensing entirely with the need for making and 
maintaining a large number of intermediate roadways. 

It is used at the present time in many collieries throughout the 
country, and in many instances has proved to be of good service in 
increasing the output and in reducing the cost of working. 

Its advantages are most conspicuous in the working of thin seams 
where the cost of ripping and repairing gate roads is generally very 
high. Without the conveyor system the gate roads are usually 6very 
10 to 12 yards, whereas with an electric coal conveyor at work the 
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diatance from gate road to gate road may lie anj^hing from 60 to 
100 yardn. 

To obtain tlie full economic advantage claimed for the conveyor, 
it should be worked in conjunct with an electrically driven coal- 
cutting machine. 

The conveyor itself is built u]j in 6 feet sections. The outer 
framework is of angle iron about 3 inches on the side and § inch 
thick, and the sections are bolted together, enabling a[ieedy erection or 



Fio. 138. — -Undergiound coal conveyor, slioning trouglis and framework. 

dismantling to be accomplished. The troughs, also in 6 feet lengths, 
are carried on the angle iron framework, and one end of each trough 
is slightly dished so as to readily fit into its neighbour (see Fig. 138). 
The conveyor chain is made up of links bolted together to form an 
endless belt. The larger pieces of coal thrown on the conveyor are 
carried along on thi^ top of the chain, and the small coal which falls 
between the links is scraped along the bottom of the troughs by 
scraper projections bolted to the links. The height of the conveyor 
is about 10 inches, but at the discharging and tail ends, where the 
toothed or sprocket wheels are, it is considerably higher — ^from I foot 
6 inches to 1 foot 9 inches. 
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The chain at either end of the conveyor passes over a sprocket 
drum, the teeth on the drum engaging with the links of the chain. 
The lower half of the chain is supported on bars fixed at intervals 
between the lower framework. 

The conveyor chain is driven through spur gearing from Renold 
chain drive, by a totally enclosed motor of 8 to 10 B.H.P., running at 
600 revolutions per minute. Aa the chain cannot slip in the event 
of any sudden load or " sticking," some provision had to be made 
to prevent damage in such contingency, and this necessary saving 



Fm. 139. — Conveyor discharging coal. 

device takes the form of a copper shearing key, which Js inserted 
between the driving discs outside the gear case. The copper shearing 
key can be readily replaced after a sto])])age duo to "sticking." In 
addition to the copper shearing key, an automatic cut-out is also 
provided, which momentarily breaks the circuit on the passage of an 
excessive amj)erage. At the tail end of the conveyor a acrew- 
tightening arrangement is jirovided, with mooring chain for securing 
to timber. The overall width of the conveyor is 19 inches. 

The conveyor is used in lengths of 60 to 100 yards, the best 
practical working length being 80 to 90 yards. A main gate-road, 
preferably with a doul)le road, is necessary at the discharging end. 
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and this should be driven and kept constantly a few yards ahead of 
the coal face to allow of a continuous supply of empty tubs. 

In thin seams a foot or more of the jjavement has to be lifted in 
order to have the top of the tub low enough to allow the discharging 
end of the conveyor to project over it (see Fig. 139). 

Some of the advantages to be gained by the adoption of the 
conveyor system are as follow: (1) Greater output per man; 
(2) consequent reduction of cost of "getting"; (3) great saving 
resulting from the few gateways necessary ; (4) quicker advance of 
working face; (5) introduction of larger tubs made practicable; 
(6) less " putters " or " trammers " required ; and (7) increased output 
from a given area of coal. 

The coal conveyor is not suitable for working under a tender roof, 
owing to the width of open space necessary for accommodation of the 
conveyor. Where the roof is good, however, very little trouble is 
experienced. The conveyor is advanced with the face, being moved 
forward either in sections without disturbing the timber or (when the 
roof allows of several props being withdrawn) slued forward from 
either end, the structure having sufficient flexibility to allow of this 
being done. 

The Diamond Coal-Cutter Company are the principal manufacturers 
of the Blackett conveyor, the chief features of which are embodied in 
the above description. 

The following particulars relating to the actual working results 
obtained through the employment of coal conveyors underground 
may be found of practical utility : — 

Output of the Blackett Conveyor at Newburgh Colliery.^ 







Output. 


Period. 


Days. 


Totals. 


Per Shift. 






Tons. 


Tons. 


1904. July 


. 11 


346-4 


31-5 


August 


. 22 


954-6 


. 43-4 


September 


. 24 


1,046-7 


43-6 


October . 


. 22 


1,135-1 


51-6 


November 


. 23 


1,473-6 


64-0 


December . 


. 22 


1,047-3 


47-5 


1905. January . 


. 21 


385-5 


18-3* 


February . 


. 21 


589-3 


28-0* 


March 


. 23 


1,244-1 


54-1 


April 


. 17 


1,189-6 


70-0 


May. 


. 22 

. 228 


1,615-3 


73-4 


Totals 


11,027-5 


48-3 


* Hand-holing and conveyor moved forward through troubles. 



^ Given by Mr. C. H. Merivale in the discussion on Messrs. W. C. Blackett 
and R. G. Ware's paper, '* The Conveyor System for Filling at the Coal Face," 
Trans. Inst. M.B., vol. xxviii., 1905. 
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The length of face was 210 feet, but since the above results were 
tabulated the length of face has been increased to about 300 feet, and 
the average daily output increased to between 80 and 90 tons per 
shift. 



Cost per Ton of Labour on No. 1 Conveyok Face at 

KiMBLESWORTIl CoLLIKKY.^ 



No. 

of 

Men. 



Description. 



1 
2 

1 

1 

6 



2 

7 

4 

3 

6 

1 
1 



Gutter-man 
Cleauers-out 

Timbernian 

Shot-firer 

Coal -fillers 

Deputy . 

Supervisor 



Conveyor-heads 
Stonenien 

Conveyor-shifters 

Timber-d rawers 

j Hewers . 

I Putter . 
Mechanic 



Depreciation 



Cost into driver's set . 



Duties. 




Cost per Ton. 














I. 




II. 




899 Tons. 


705 Tons. 




s. 


d. 


8. 


d. 


Drives coal-cutter 





0-96 





1-23 


Clean cuttings out of cut 





1-49 





1-89 


coal, and cast them back 










Sets timber after machine, 





0-74 





95 


etc. 










Drills holes in cut coal, and 





0-64 





0-82 


charges them 










Fill coal away cut by 





5-41 





6-90 


machine 










Charge in day-shift, timber- 





0-96 





1-22 


ing and keeping work 










1 away 










Charge in night-shift, 





1-17 





1-66 


moving conveyor, draw- 










ing timber and stoneman 










Attending to filling of tubs 





0-88 





1-12 


and braking the conveyor 










Working canches in main- 





3-91 





4-98 


and-tail gates, and put- 










ting in packs 










Move timber, and shift the 





2-28 





2-91 


conveyor up to face 
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1 "The Conveyor System for Filling at the Coal Face," by W. C. Blackett 
and R. G. Ware, Trans. Inst. M.E., vol. xxviii., 1905. 
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At the Kimblesworth Colliery, Durham, a motor-driven coal 
conveyor has been at work for some time in a 2^ feet seam. The coal 
is undercut by a Diamond coal-cutter which " holes " at floor-level to 
a depth of 4 J feet. The length of face is about 250 feet. 

The table on the preceding jiage gives the calculated cost per ton 
for a fortnight's work at this colliery, the costs in column I. being 
calculated on the coals got from conveyors and from the hewers in 
the gates and stables, and those in column II. from the coals delivered 
by the conveyor only. 



CHAPTEE XI 
TYPICAL COLLIEHY ELECTRICAL INSTALLATIONS 

Continuous current plants — Electric-power plant at Bradford Colliery — Alter- 
nating current installations — Three-phase plant at Cambrian Collieries. 

Continuous Current Plants 

Although it cannot be denied that the three-phase alternating 
current system possesses, in many respects, considerable advantages 
over continuous current, yet, owing probably to its greater simplicity 
and also to the fact that it had gained a firm foothold in colliery 
work ere the utility of alternating current had been satisfactorily 
demonstrated, the direct current system enjoys a very widespread 
application in modern mining. 

In view of this, it will result in much profit if we first devote our 
attention to a typical continuous current installation. 

The plant which, under this heading, we propose to describe, and 
which may be taken to represent all that is best and most up-to-date 
in continuous current work, is the one erected by Messrs. J. H. 
Holmes & Co., of Newcastle-on-Tyne, at the Bradford Colliery 
Company's works near Manchester. 

Electric-Power Plant at Bradford Colliery ^ 

In this plant two steam-engines, 14 J inches and 24 inches by 10 
inches stroke, each capable of developing 195 B.H.P. with 90 lbs. 
steam pressure, and of sustaining an overload of 25 per cent, for two 
or three hours when required, are coupled direct to two Johnstone- 
Lundell six-pole traction generators designed for an output of 130 
kilowatts each, at 525 volts, at 380 K.P.M., and for a 25 per cent, 
overload for two or three hours, with fixity of brushes and sparkless 
commutation. In addition, there are other two steam generators, 
one of which is also used for power, and the fourth is used for surface 
lighting. 

Three of the engines are of Messrs. Browett, Lindley & Co.'s 

* Extract from the Electrical Magazine, March 1907. 
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self -lubricating enclosed comjx)und vertical type, the fourth being an 
open type vertical engine. 

I'he Generators are fitted with split laminated pole pieces, having 
an extended pole tip on one side, so proportioned that this half of the 
magnet core is saturated by the shunt turns alone; as the load, 
increases, the compound winding quickly changes the induction 
density in the other half of the pole, at which point a strong field is 
required to obtain sparkless commutation at all loads. 

The armatures are slot-wound, and the commutators are of ample 
diameter, composed of hard-drawn copper with mica insulation, of 
such dimensions as to ensure adequate capacity to carry the maximuni 
current without excessive heating. The brush holders are carried 
from substantial split rings, with adjusting screw attached to the 
yoke ring. The bearings are self-adjusting and self -oiling. 

The largest dynamo absorbs 500 B.H.P., and gives out 340 
kilowatts with a voltage of 525 at 250 R.P.M. The engine to 
which this is directly coupled is totally enclosed, with forced lubrica- 
tion, and has three cylinders, one high-pressure, 24 inches diameter, 
and two low-pressure, 27 inches diameter, with 12 inches stroke; 
at 90 lbs. pressure it runs as a compound engine. 

The generator has eight poles of the Johnstone-Lundell split pole 
type, as previously described. The armature is 52 inches diameter 
and 11;^ inches long, with a thoroughly well ventilated core, so that 
the temperature rise on a six hours' test was only 40"^ F. 

The Surface Lighting Plant consists of a motor generator and a 
Castle two-pole dynamo with drum armature wound with laminated 
conductors. This latter has an output of 15 kilowatts at 230 volts, 
225 revolutions, and is coupled to an open engine having a single 
cylinder 9 J inches diameter and 9 inches stroke, with automatic 
expansion governor working at 90 lbs. steam pressure. 

The Motor Generator is used to transform the high volts used for 
power down to the 230 volts necessary for the lamps used on the 
surface. The motor absorbs 70 B.H.P. at 525 volts, driving the 
generator, which has an output of 47 kilowatts at 230 volts, the 
combination running at 500 revolutions. Both machines are of 
the Castle six-pole type, are of the same size, and designed for 
running continuously with a low temperature rise. The motor is 
shunt-wound and of the totally enclosed type, and the generator 
compound- wound. 

The Main Switchboard in the engine-house is very complete, and 
is composed of enamelled slate panels with separators between the 
positive and negative poles. The main generator panels are fitted 
with dead-beat ammeters, automatic circuit-breakers, patent quick 
break chopper switches, and the necessary fuses. Dead-beat volt- 
meters are fitted at the top of the board, together with a clock, these 
being mounted in an ornamental pediment. The dynamo shunt- 



TYPICAL COLLIERY INSTALLATIONS 253 

regulating switches and resistances are arranged that the resistance 
coils are coupled direct to the switch contacts at the back of the 
panels, so that no connecting wires are necessary for joining up the 
switches to the resistances. The circuit panels are fitted with double- 
pole chopper switches and fuses, there being a dead-beat ammeter 
provided for each circuit. The whole board is mounted in a moulded 
frame, the total length of the board being over 20 feet. 

The Cables are 61 by 0*090. All the cables are armoured and 
lead-covered, of the 2500 megohms quality. The cables at the pit 
bottom are so arranged that, in the event of one pair of cables break- 
ing down, they would be cut out and the supply taken from one of 
three sets until the repairs w^ere made good, thus obviating the risk 
of a stoppage to any part of the workings. 

There are four hauling sets, three for endless rope and one for 
tail rope. Each of the endless rope sets is driven by a 35 B.H.P. 
enclosed Castle six-pole motor, compound-wound, and designed 
to run at 300 revolutions per minute on a 500-volt circuit. The 
armatures are slot-wound, with formed coils, so arranged as to 
obtain the maximum mechanical strength combined with the highest 
electrical efficiency. The motors are fixed to separate bedplates, 
each having three bearings of ample surface, fitted with ring lubrica- 
tion and oil gauges. Grooved pulleys, 20 inches in diameter, are fitted 
to take twelve |-inch cotton ropes. 

The hauling gear constructed for endless rope haulage is mounted 
on an H section frame, fitted with angle and knee pieces at the 
corners, in convenient lengths for taking underground and fitting up, 
and consists of first motion shaft driving the winding drum through 
double helical gearing. The first motion shaft is fitted with a 6 feet 
8 inches diameter split pulley for twelve |-inch ropes, and runs at 
1 10 R.P.M. ; from this, the power is transmitted by double helical gear 
to the hauling drum. The latter is 4 feet 9 inches in diameter by 
8 inches face, runs at 16*5 R.P.M., and is fitted with cast-iron concave 
laggings, which are made detachable ; these can be quickly removed 
and renewed on showing any signs of wear. Attached to the side of 
the drum is the brake sheave, 5 feet in diameter by 7 inches face ; 
the strap is of steel, fitted with oak blocks. The brake is applied or 
released by a slow motion screw fixed to the lever arm. The hand 
wheel on the screw is fixed near the starting switch, thus enabling 
the man in charge to start or stop with promptitude. 

One of the hauling sets has two drums, operated by clutches, 
working two brows terminating at one point at the top of the brows. 

One of the endless rope gears has an extended bedplate on which 
is temporarily fixed a tail rope drum, 3 feet diameter, and driven by 
a Ewart's chain from the first motion or rope-driven shaft. This 
was used for driving a new brow downhill, during which work the 
endless rope drum was put out of gear. The new brow is just 
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completed, the tail rope drum put out of gear, and the endless rope 
put to work. 

The endless hauling ropes are 2400, 1100, 1000, and 700 yards 
long, and can be varied to travel at from one and a half to three 
miles per hour. To run each rope light takes 22 per cent, of the 
normal full load. 

These sets have been running for over five years, during which 
time they have been worked to their maximum ca|)acity practically 
day and night without breakdown or stoppage. 

Tlie Starting Switches are specially designed to give slow and 
steady starting, and to permit of running from half to full speed. 
Each starting switch has two slates. On the short upper slate is 
fixed a single pole switch, mechanically closed on the first turn of 
the slow motion screw, and afterwards magnetically held on. On 
stopping, or failure of supply, this switch opens, and prevents any 
damage arising from careless handling by starting the motor with all 
resistance cut out. To close the switch, all the resistance must be 
run in, and the operation repeated. On the lower slate are fitted the \ 

bus bar and the resistance section contacts. On the slow motion 
screw a crosshead is carried, to which are fixed two sliding connectors 
or contacts connecting the bus bar with the resistance sections. 

The tail rope hauling set is similar to the larger set, except as 
regards the drum, which is designed to hold about 1500 yards of 
I -inch diameter steel rope, and is driven by a 20 B.H.P. enclosed six- 
pole motor, with rope pulleys, etc., as previously described. 

There are two sets of electrically driven pumps. The high duty 
pump is of the treble ram type, with rams 6 inches diameter by 9 inches 
stroke, and when running at 40 R.P.M. delivers 5500 gallons per 
hour against a vertical head of 1680 feet. The motor is of the enclosed 
six-pole type, capable of developing 75 B.H.P. at 350 R.P.M. at 
500 volts. The power is transmitted through two reductions, the 
first being twelve |-inch ropes, as in the haulage, and the second double 
helical gear. Owing to the liability which existed of this motor 
being flooded, it was raised to a higher level, and ropes were substi- 
tuted for the original spur gearing first reduction. Starting and 
regulating switches and circuit-breakers are fixed close to the 
motor. The pumps are started up against the full column of water, 
as the latter is very rarely run off. 

The low duty pump is of the same type, but fitted with rams 
8 inches by 9 inches stroke, and at 44 11. P.M. it delivers 12,000 
gallons per hour against a head of 470 feet. This pump is driven 
by a 85 B.H.P. enclosed six-j^ole motor, running at 300 R.P.M. at 
500 volts, complete with gearing similar to the above, excepting that 
the motor is mounted on an extended bedplate, the first reduction 
being machine-cut steel spur and pinion wheels. 

All the larger haulage and pump motors are duplicates, and inter- 
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changeable, necessitating a minimum of spare parts being kept for 
emergencies. 

The workshop tools, including circular saw, planing, morticing, 
and other woodworking machines, are driven by a 15 -H.P. motor 
running at 600 K. P.M. 

A 10 H.P. motor of the same type drives creepers underground 
for conveying loaded wagons from one level to another, and a second 
motor of this size ran for three and a half years driving a " Sirocco " 
blowing fan, ventilating a large shaft during the process of sinking 
to the great depth of 2804 feet. During the whole of this time the 
motor was started at six o'clock each Sunday night, and ran continu- 
ously until the following Saturday night at six o'clock. No trouble 
of any description or stoppage, beyond that mentioned, occurred to 
the motor throughout this period. It is now driving creepers on the 
surface for elevating wagons to a higher level. 

Two motors, each of 80 B.H.P., are driving mechanical screens, 
picking belts, slack elevators, etc. 

A small, but at the same time an important, item in the installation 
is a portable air- compressor, driven by one of Messrs. Holmes & Co.'s 
Lundell patent motors, for cleaning the dynamos and motors. 

Alternating Current Installations 

As has already been remarked, alternating current for transmitting 
purposes is in many respects superior to continuous current. With 
alternating current the power may be generated at pressures varying 
from 1000 to 5000 volts, transmitted down the shaft at that voltage, 
and there transformed by means of static transformers down to a 
voltage suited to the different motors. The economy in the price of 
conductors as the result of this high-pressure transmission and dis- 
tribution is very considerable, and coupling with this consideration 
the fact that non-sparking, non-commutator motors can be used, it is 
not surprising that the alternating current system is usurping the 
primary place for colliery work generally. 

Of the alternating current system, three-phase seems to be the 
form almost universally adopted for colliery power generation. 

A typical example of a three-phase installation is afforded us in 
the power plant recently erected at the Cambrian Collieries, South 
Wales.i 

For generating the steam supply, there are four Lancashire 
boilers, each 30 feet long and 9 feet in diameter, and working at a 
blow-off pressure of 160 lbs. per square inch. 

Each boiler is equipped with a Sudgen superheater to give 
150** Fahr. superheat when the boiler is evaporating 9000 lbs. of 
water per hour. A Green's economiser is also employed, which 

* Extract from the Eledriciaii, 5th July 1907. 
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raises the temi^erature of the feed water from 60'' to 200° Fahr. when 
the four boilers are evaporating at the rate of 30,000 lbs. per hour. 
A Siemens three-phase 3 B.H.P. 400 volt motor is provided for 
driving the^ economiser scraping gear. 

The feed water is softened in a water-softening plant, from whence 
it is supplied to the boilers by two Weir vertical single-cylinder 
double-acting feed pumps, each capable of supplying 3000 gallons 
of water per hour, and by one Korting injector for a duty of 1250 
gallons per hour. 

As shown in the general plan of the power station (Fig. 140), 
the boilers are erected at the side of the engine-house. 

As shown in the general arrangement of the engine-room, space 
is provided for three generating sets. At present, the generating 
plant consists of two Siemens-Belliss & Morcom sets. These two 
sets are alike in all respects, each consisting of a Belliss &, Morcom 
vertical steam-engine direct-coupled to a Siemens 1000 K.V.A. 
three-phase 2200 volt 25 cycle alternator. The normal speed of 
the set is 250 revolutions per minute, and it was found from tests 
on one of the sets that the speed rose momentarily to 263 revolutions 
per minute, settling to 254 revolutions per minute, when full load was 
switched off, while it dropped momentarily to 240 revolutions per 
minute, settling to 250 revolutions per minute, when full load was 
switched on. 

The engine speed can be varied while the engine is running from 
240 to 260 revolutions per minute. 

Steam consumption tests were carried out at the makers' works 
with the following results : — 

Steam consumed per kilowatt-hour at full load, 17*3 lbs. of steam 
at a pressage of 155 lbs. per square inch, and a temperature at the 
stop valve of 472° Fahr., the vacuum being 25*9 inches of mercury. 
At half load, the steam consumption was found to amount to 18*6 lbs. 
of steam at a pressure of 163 lbs., a temperature of 461° Fahr., and 
a vacuum of 26 inches. The internal diameters of the high-pressure, 
intermediate, and low-pressure cylinders are 18 J inches, 27 inches, and 
40 inches respectively, the stroke being 20 inches. The cylinders 
are lagged with non-conducting material covered with planished 
steel sheet. The engine is capable of carrying an overload of 25 per 
cent, for two hours, and momentary overloads of 50 j)er cent. When 
running non-condensing, the engine is capable of developing 680 
kilowatts. All working parts are lubricated under pressure, oil 
being supplied by a valveless pump worked direct from the crank 
shaft. The flywheel weighs 12 J tons. 

The Siemens three-phase 2000-2200 volt alternators are of the 
rotating field type, the phases being star-connected. They have 
a continuous rating of 750 kilowatts at a power factor of 75, and 
are capable of dealing with the same overloads as the engines. It 
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was specified that after a six hoars' run at 750 kilowatts and unity 
power factor, no acceaaible part of the machine, with the exception 



Fio. IJO.— Plan of power station at Cambrian Colliery. 

of the atator iron, was to have a temperature rise of more than 35° C. 
above the surrounding air as measured by thermometer; the tempera- 
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ture rise in the stator iron was not to exceed 45** C. The temperature 
rises observed in the tests were 38 J** C. for the stator iron, and 
22'''8 C. for the rotor winding. The machine is wound to have 
a wave form as nearly sinusoidal as possible. With full non-inductive 
load thrown oflF, the percentage rise of voltage was specified not to 
exceed 6 per cent, at constant speed and excitation. In the tests, 
as a matter of fact, the alternator voltage only rose from 2210 to 
2310, Le. about 4 J per cent., despite the increase in the speed of the 
set. At a power factor of 0*75 the rise does not exceed 18 per 
cent. 

The rotor of each alternator is directly bolted to the engine fly- 
wheel, and the energy stored in the rotor field magnets and engine 
flywheel amounts to 2000 foot-tons at normal speed. The poles are 
circular in section, and the pole shoes are laminated. The stator is 
of cast iron, and of such a design as to combine great stiffness with 
light weight. 

The exciting current at 110 volts is fed to the rotating field by 
copper gauze brushes impregnated with carbon, which are pressed 
against the two slip rings by brush holders of the lever type, the 
tension on the brushes being maintained by helical springs. The 
shaft runs in ring lubricated bearings of ample size. 

The two main engines exhaust into ejector condensers, supplied 
by Messrs. Korting Bros., and placed in the basement underneath the 
floor, each capable of dealing with 13,000 lbs. of steam per hour, 
and producing a vacuum of 26 inches of mercury. The condensers 
discharge into a tank 20 feet by 10 feet by 6 feet, built up of cast- 
iron plates. 

The centrifugal pump for pumping the condenser discharge back 
into the pond is capable of delivering 50,000 gallons of water per 
hour against a head of 80 feet when rotating at 1450 revolutions per 
minute. It is directly driven at the speed mentioned by a Siemens 
three-phase squirrel- i-age ventilated type 40 horse-power motor, which 
is fed with current at 25 cycles per second from the 400-volt 
alternating supply. 

The switchboard is made up of three alternator panels, of which 
one is blank, and six feeder panels, of which three have been fitted up 
with apparatus so far. Each of the two motor-generators is controlled 
from one continuous current and one alternating current panel. There 
is also a lighting panel in the centre of the board, an exciter panel, 
and three transformer panels, and a number of blank panels are pro- 
vided for future extensions. The main panels facing the engine room 
are of white marble, and supported on an iron framework. 

The electric power developed by the two 1000 K.V.A. generating 
sets now working is principally used for operating three-phase induc- 
tion motors for a great variety of purposes in all parts of the mine. 
There are at present some 21 induction motors in use, ranging in size 



TYPICAL COLLIERY INSTALLATIONS 259 

from 220 to 3 horse-power, the total horse-power of motors being 
1890. Motors on the surface are supplied with three-phase current 
at low tension, the current being transformed for this purpose by 
static transformers from 2200 volts, the voltage produced by the 
alternators in the power house, to 400 volts. The bulk of the 
supply, however, is conveyed by cables at a voltage of from 2000 to 
2200 volts down the pits, and distributed to the various motors at 
this pressure. Continuous .current for exciting the main alternators 
and for lighting and working the original motors is supplied at a 
pressure of 110 volts by a 36 kilowatt steam-driven dynamo, or by 
two 70 kilowatt motor-generators taken over from the original plant. 

Only part of the electric energy available is utilised at present, 
but as electric motors are being constantly added, the power house 
will be fully loaded at no distant date. Space has been left in the 
engine-house for the erection of a third generating set, when this 
becomes necessary, and ample provision has been made in the design 
of the switchboard, boiler, and condenser plant to carry out this 
extension with a minimum amount of expense or alteration. 

The whole of the electrical plant at this colliery has been erected 
by the firm of Messrs. Siemens Bros., London. 
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MISCELLANEOUS APPLICATIONS OF THE ELECTRIC 
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Electric FaDS — Quick-running type — Slow-running type — Blasting by electiieity 
— Advantages — High-tension system — Low- tension system — Series and 
parallel systems of firing shots — Electric detonators — Firing the shot — 
Primary battery ejcploders— Magneto exploders — Dynamo-electric exploders 
— Firing shots from power or lighting mains — Precautions to take — 
Electric safety lamps — The Sussman lamp — The Shamrock lamp — The 
Headland lamp — Electric lighting and re-lighting of safety lanjps — 
Telephones — Motor-driven air-compressors — Electric signalling — Magnetic 
separation of minerals — Electrical equipment of colliery worksliops — 
Electric welding — The Arc system — The Thomson system. 

Electric Fans 

The substitution of electric motors for steam-engines for actuating 
colliery fans, especially where generating plant for general purposes 
has already been installed, has much to recommend it. 

The efficiency of the modem electric motor is high, and if 
reasonable care is exercised in working and in keeping it in good 
condition it may run for years without causing any trouble whatever. 

Again, the motor may be relied upon to run always at practically 
constant speed, thus ensuring uniformity and steadiness in the venti- 
lation. The motor also takes up less room than the steam-engine, 
and is more suitable for operating quick-running fans. It is in the 
working of underground fans, however, that the electric motor shows 
to most advantage. 

The transmission of electrical energy underground can be eflfected 
more efficiently and economically than the conveyance of steam 
pressure, in which there must always be considerable loss from 
condensation and other causes. 

For ventilating narrow drivages, stone mines, cross-measure drifts, 
and similar undertakings, the electric fan possesses conspicuous 
advantages. 

Such workings have frequently to be ventilated by small auxiliary 

fans, it being in many instances impracticable or undesirable to 

carry the main ventilating current into the drivages, and for such 

fans the electric current is jpar excellence the ideal motive-power. 

360 
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The fans most suitable for operation by electric motors are those 
of the small quick-running type, such as the " Sirocco," the Schiele, 
and the Capell fans. 

In the quick-running type the weight of the structure to be 
moved is comparatively small, and the speed may be anything from 
250 to 1000 revolutions per minute; little or no reducing gear is 
necessary between the motor shaft and the fan shaft, many fans 
being coupled direct to the armature spindle. 

Large slow-running fans such as the Guibal, the Waddle, the 
Leeds, etc., may also be electrically driven by belt-drive from the 
motor shaft. 

Probably the most popular electric fan is the " Sirocco," hundreds 
of which have been installed in recent years in British collieries, both 
above and below ground. This fan is of small construction, and runs 
at a high speed, and its efficiency as a ventilator is very high. 

. At the Hulton Colliery, Chequerbent, a motor-driven " Sirocco " 
fan was recently installed. The fan is situated at the top of the 
upcast shaft, and is 70 inches in diameter. It has a capacity of 
150,000 cubic feet of air per minute, with a water gauge of 3 inches, 
and running at a speed of 325 revolutions per minute. The fan is 
rope-driven from a three-phase current motor, and gives every satis- 
faction. As showing the adaptability of the motor-driven fan to 
special requirements, the following account of the employment of 
three fans, each working independently of the other, may prove 
interesting. 

At a large Lancashire colliery three seams of coal are being 
worked from the same pair of shafts at depths of 150, 300, and 400 
yards respectively. The seams are each ventilated by a separate air 
supply, and a separate motor-driven fan propels the air current in 
each case. 

The fans are situated in " cut throughs " between the upcast and 
downcast shafts, each fan being situated at or near the level of the 
seam in which it produces ventilation. The ventilation of each seam 
is entirely isolate. The air is made to course from the downcast 
shaft, through the workings of each seam, then through the fans and 
out into the upcast shaft. The fans are of th^ " Sirocco " single-inlet 
type. Two of the fans are of 45 inches diameter, and are rope-driven 
from 45 horse-power three-phase motors, and run at 380 revolutions 
per minute. The third fan is 30 inches in diameter, runs at 580 
revolutions per minute, and is rope-driven from a 30 horse-power 
motor. 

Electric Blasting 

Shot-firing by electricity is now very frequently adopted in 
modern mining. Its advantages over the ordinary methods of squib 
and safety fuse ignition of the explosive are numerous, and indeed. 
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in many instances, it is the only method which can be said to 
be absolutely reliable and effective. 

Principal amongst the many advantages claimed for electric 
blasting are the following : — 

1. Complete safety in firing shots in any situation. 

2. Suitability for firing shots in groups simultaneously. 

3. Absence of " miss-shots." 

Blasting operations in sinking shafts or stone drifts are very 
frequently carried out by the electric method, and in dry and dusty 
or fiery mines it is compulsory to fire all shots by efficient electrical 
apparatus. As regards the cost of shot-firing by electricity, it has 
been found that for blasting in gaseous mines it is the cheapest 
method that can be adopted. 

The methods of electric blasting may be classified under the 
following four heads : — 

1. Low-tension system. 

2. High-tension system. 

3. Firing in series. 

4. Firing in parallel. 

I, Lotv-tendon System, — The low-tension method of shot-firing by 
electricity, as is illustrated in Fig. 141, consists in passing a current 
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of electricity at a low voltage through wires embedded in the flashing 
material of the charge. The ends of the two wires, where they 
terminate, are connected together by means of a small platinum 
bridge. This platinum bridge offers a great resistance to the passage 
of the current, and, in consequence, great heat is generated, and 
this heat is sufficient for the ignition of the flashing mixture. This 
sets off the detonator, which in turn explodes the charge. 

2. High-termon System, — In the high-tension system the only 
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difference from the low-tension 13 that the platinum bridge is wanting, 
and, instead, a very short air-gap is allowed to exist between the ends 
of the two wires embedded in the flashing mixture (Fig. 142). 
Current at a high voltage is used, and the electricity jumps or arcis 
across the air-gap from the positive wire to the negative. A flash 
is thus produced which ignites the flashing mixture, and the charge 
is fired as before. 

3. Firing in Series, — In this method the charges are so arranged 
that the current passes from the positive wire of the circuit, through 
each of the fuses of the different charges in turn, the last fuse of the 
entire volley being connected to the negative wire. The same current 



thus passes through the whole of the fuses. Fig. 143 shows a group 
of charges arranged for firing in series. 

4. Firing in Parallel. — In this method each detonator is connected 
directly to the positive and negative wires, so that a portion of the 
total current goes into each fuse separately. 

The result in cither of the above cases is exactly the same. The 
whole series of shots will be fired simultaneously. The series arrange- 
ment is more easily made up than the parallel sy.stetn ; more wire is 
also required in the latter method, and whereas the series system 
takes a big voltage but little current, the parallel method requires a 
big current and a low voltage. 
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It will be noticed that the above remarks apply principally to 
shots fired in groups, this being the usual arrangement in operations 
where much blasting has to be done. Where shots are fired singly 
on either the low-tension system or the high-tension system, the 
shot-firing cables and the wires attached to the detonator form a 
single complete electric circuit. 

For firing a number of shots simultaneously, the series system 
is the best and is the method generally adopted, and low-tension 
fuses are usually employed. 

Electric Detonators 

The detonators which are used in exploding- the charge in 
electric blasting are manufactured in a number of varieties. The 
Nobel's Explosives Company turn out what is probably the most 
reliable electric detonator on the market. The leading features 
of this detonator are shown in Fig. 144. The wires are soldered 
to the fuse head, on which is the flashing mixture ; the fuse head is 
fixed inside a paper tube, and this is crimped into the copper tube of 
a detonator, the top of which, for further protection, is covered with 
pitch. 

Firing the Shot 

Firing by electricity is a simple though delicate operation. One 
of the cartridges of explosive forming the charge is opened, and 
a hole made in it with a small stick. In this hole the electric 
detonator is buried, as shown in Fig. 145. The open end of the 
cartridge and the detonator is then secured with a piece of string. 
This cartridge is termed the " primer " cartridge, and is inserted in 
the shot hole behind tJve rest of the charge. The " primer " cartridge 
should be inserted into the hole with the detonator leading. This 
arrangement prevents the detonator being struck by the tamping rod 
during stemming. After tamping has been done, the projecting ends 
of the wires are connected to the bared strands of the shot-firing 
cable. The shot-firer then retires to a safe distance and fires the 
charge. Care should be taken not to connect the firing cable to the 
exploder until everything is ready for the charge being fired. 

Exploders 

The apparatus for providing current for firing the charges are 
termed exploders. Exploders may be divided into the following 
three separate classes : — 

L Primary battery exploders. 

2. Magneto exploders. 

3. Dynamo-electric exploders. 






x: 
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1 . Primary Battery Exploders consist of chemical cells or batteries, 



n 



such as the Leclanch^ or Carporous (see Chapter I.). Dry batteries 
are also sometimes employed. 

2. ifai/neto E.rploclera consist of an armature which is revolved 
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f one or more permanent horseshoe magaeta. 
i revolved an electric current ia produced. A 
machine of this tyije is shown diagrammatically in Fig. 146. The 



Fid. 146. — MagDeto exploder. M. harse-sho« 
magnets ; G, gearing ; h, handle ; A, end of 
Bntiature apindle ; T, T,, terminals. 

handle is turned at a good speed, and then, by means of a button 
switch, the circuit is completed and the charges exploded. 

3. Dynamo-eteetric Eicjilodert generate current after the manner 
of the ordinary continuous current dynamo ; the armature revolving 
in a strong magnetic field generates a powerful voltage. This type of 
exploder is very suitable for shaft work, and in driving large " mines " 
and drifts. 

Shot-fieinq from Power or Lighting Mains 

This is permissible only in sinking shafts or stone drifts. For 
this purpose a special firing plug or switch is used. This plug or 
switch is kept in a fixed locked box, and should only be accessible to 
the authorised shot-firer. 

Fig. 147 illustrates a ahot^firing arrangement designed by Messrs. 
John Davis &. Son, Derby, employed in blasting by current taken 
from either lighting or power mains. Each main is provided with a 
switch, a tumbler switch being inserted on the [joaitive side and a 
"press-down" firing key on the negative. From the tumbler switch 
the current passes to the fuse, thence to the charges to be fired, and 
then back to the negative main by way of the firing key. In firing, 
the tumbler switch is first put in and then the firing key depressed. 
An incandescent lamp is placed in circuit, as shown, when it is 
desired to test the apparatus. If the apparatus is in good working 
order the lamp will light up. 
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The apparatus is enclosed in a strong case, which is kept locked. 
Frecantians to take in firing shots by electricity are : — 

1. See that all joints and connections are properly made. 

2. Scrape ends of wires with a knife before connecting up. 

3. Make sure that the connection of the firing cable to the 
exploder is the last thing to be done before firing. 

4. Disconnect firing cable immediately the charge has been fired. 

5. Keep the hands clear of exploder terminals whilst firing. 

6. Have the handle of the exploder revolving at maximum speed 
when pressing the firing knob or switch. 
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Fig. 147. — Shot-firing arrangement. 



Electric Safety Lamps 

Electric safety lamps are sometimes used in place of the ordinary 
form of safety lamj). 

The advantages are : — 
L Greater lighting power. 

2. Consequent greater safety in working. 

3. Little or no danger of igniting gas, the air being entirely 
excluded from the glowing filament, and, if the glass bulb is broken, 
the light is instantaneously extinguished. 

4. It can be used with greater freedom than the ordinary safety 
lamp, which has to be very carefully handled in an explosive 
mixture. 
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Disadvantages : — 

1. Slightly heavier than the ordinary form of safety lamp. 

2. The presence of gas cannot be detected by it, necessitating the 
carrying of an oil safety lamp as well, in order to be able to test for 
gas when necessary. (This is probably the greatest objection to the 
use of the electric safety lamp in fiery mines.) 

3. Electric safety lamps cost more, and are more expensive to 
maintain, than the ordinary form. 

An electric safety lamp consists of a battery, either primary or 
secondary (the latter being usually employed), and an incandescent 
lamp. 

The voltage employed depends upon the number of cells in the 
battery. If one cell is used, the voltage will be from 1 "5 to 1 '8 ; and 
if two cells are employed, from 3 to 3*6 volts will be obtained. There 
are a number of safety lamps on the market, but those most commonly 
used are the Sussman lamp, the Shamrock lamp, and the Headland 
lamp. 

The Sussnian Lamp. — ^In this lamp an accumulator of the Faure 
or pasted type supplies current to the incandescent lamp. 

The battery forms the lower portion of the lamp, and the lamp 
bulb forms the top i>art. There is a cage or shield round the bulb 
to protect it from injury. 

The lamp weighs from 3 to 4 lbs., and stands about 8 inches high. 
The battery is suflScient to keep the lamp lighted for about 10 
hours continuous. 

The Shamrock Lamp. — This lamp is of German make. It 
consists of a two-cell storage battery giving a working voltage of 
about 3 '7 5 volts, and an incandescent lamp. The lamp consumes 
from 0*5 to 0*6 of an ampere, and the battery is able to keep the 
lamp burning at an average brilliance for from 10 to 12 hours. The 
life of the incandescent lamp used runs from 100 to about 140 hours. 
A small lever switch, contained in a switch box, is provided for the 
switching in and out of the light. 

The Headland Lamp. — In this lamp a special type of accumulator 
known as the Headland battery is used. This cell is designed on 
the Faure or pasted principle. It consists of a grid formed by a 
series of bars being built up alongside each other. Each of these 
bars is filled with a paste. The lamp gives a good light, and will 
bum for about 10 to 12 hours. 

Electric Lighting of Safety Lamps 

The application of electricity to the lighting and re-lighting of 
the ordinary oil safety lamp is now in very general use. 

There are two distincts methods of lighting in use, namely, the 
high-tension method and the low-tension. 
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In the high-tension method, current at a high voltage is used. 
In the lamp to be lighted is an insulated conductor which runs 
through the oil-vessel, and terminates in a hook-like fashion over the 
wick tube. The insulated conductor is attached to the positive wire 
coming from an accumulator battery with an induction coil in circuit, 
and the negative wire is connected to the body of the lamp. On 
current being passed through this circuit a spark occurs between the 
pointed end of the insulated conductor and the wick tube, the current 
returning through the lamp body to the negative wire. This sparking 
is sufficient to light the wick of the lamp. 

In the low-tension method, current at a low voltage is used. 

Fig. 148 shows this method in operation. At the side of the wick 




Fig. 148. — Low-tensioD method of lighting safety IfTmps. 

tube is a brass plate, which is insulated from the frame of the lamp. 
To this brass plate is connected one end of a loop of platinum wire 
which overhangs the wick tube. The other end of the platinum loop 
is connected to the body of the lamp. An accumulator is then 
connected on its positive side to the brass plate, and on its negative 
side to the lamp body. On the passing of the current, the platinum 
loop becomes incandescent, and this incandescence is sufficient to 
ignite the vapours given off from the wick. 



Telephones 

The Special Kules for the Installation and Use of Electricity 
in Mines require that direct telephonic communication shall be 
provided — 
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L Between the surface and the pit bottom or main distributing 
centre in the pit. 

2. Between the generating station and the pit-head. 

The telephone, however, is of great service in a mine, for many- 
purposes other than as a means of communication between the 
generating station and the distributing centres and motor-houses in 
an electrical installation. Telephones in many instances add 
materially to the more efficient management of a mine. The 
management, through their employment, possess a medium through 
which they may constantly be kept posted up in the progress of the 
day's work throughout the entire colliery. 

Should any mishap occur, intimation can at once be made to the 
proper quarter, and assistance or advice procured without delay. 

The principle underlying the action of the telephone is probably 
already well known to the average student of mining. Briefly, it 
consists in the electrical transmission, along a conductor, of the 
vibrations of a very thin disc of soft iron, and the exact reproduction 
of those vibrations through the medium of an electro-magnet at the 
receiving end of the apparatus. The vibrations of the thin iron disc 
are, of course, produced by the sound waves proceeding from speech, 
and the vibrations of the disc at the other end, being an exact repro- 
duction of the movements of the disc at the speaking end, an almost 
perfect reproduction of the speaking voice is the result. 

The circuit through which the pulsating currents in the telephonic 
process are carried may be formed of two metallic conductors, 
positive and negative, or of one wire and an earth return. 

Earth returns are, however, now seldom employed, owing 
principally to the high resistance offered to the passage of the 
current, and also because an entire metallic circuit works much 
more satisfactorily. 

Motob-Driven Air-Compressobs 

Surface air-compressing plant is extremely uneconomical, and 
compares very unfavourably with electric generation, so far as 
economy and efficiency are concerned. 

The loss of power that necessarily takes place during transmission 
from the surface to the point of utilisation is enormous, and militates 
greatly against the possibility of air-compressing plant on the surface 
holding the position which it has held for so long. 

Air-compressing plant, installed underground and driven by 
electric motors, is, however, coming much into favour, and there is a 
good deal to be said in support of this arrangement. 

The air-compressor can be situated much nearer its work, and the 
distance over which the power will require to be transmitted thus 
reduced very considerably. 
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Again, in fiery tnioes, where it may be doubled that 
electric motors are absolutely safe, a motor-driven air-compressing 
plaDt may be installed, say, at the inbye end of the main intake 
air- way, and the air-power subsequently utilised throughont the 
fiery area with perfect safety, for such puri>osefl as coal-cutting, 
drilling, etc. 



Flcj. 150. — Motor-driven a 

One of the latest and perhaps most noteworthy types of electric- 
ally driven air-compressor is that designed by Messrs. Reavell & Co. 
Ltd., and known as the Beavell compressor. 

The Reavell compressor consists of four cylinders arranged 
radially in a circular-shaped casing, as shown in the sectional 
illustration. Fig. 149. A trunk piston works in each cylinder, and 
the four connecting rods are all driven by a common crank pin. 
Each cylinder forms, as it were, a separate single-acting compressor. 
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The compressor has no suction valves, air being admitted above 
each piston by means of a port in the latter, which coincides with a 
similar port in the top of each connecting rod during the suction 
stroke ; and near the end of this stroke the piston overruns the ports 
cut through the cylinder wall, thus making direct communication 
between the cylinder and the inside of the compressor casing, which 
is arranged to form a suction chamber. Each piston delivers into a 
common delivery passage, ensuring a practically continuous delivery 
of air. As each piston compresses only in one direction, the com- 
pressor can be run at a relatively high speed, enabling direct coupling 
to the shaft of a motor to be practicable. 

In the type shown in Figs. 149 and 150 the air is compressed 
in two stages, in the three low-pressure cylinders in the first stage 
and in the high-pressure cylinder in the second stage. An auto- 
matic unloading device is used in the Reavell compressor, consist- 
ing of a bye-pass valve, forming a connection between the delivery 
and suction side of the machine. It is automatically controlled by 
an air relay, so that when the air pressure reaches the desired limit 
the bye-pass valve opens, and the delivery chamber is put in com- 
munication with the suction side of the compressor. In this way 
the load is removed from the motor. As soon as the pressure falls 
to a predetermined limit this valve closes, and the compressor com- 
mences to deliver air again. 

An automatic stopping and starting switch is employed for the 
regulation and'.control of the motor. 

The advantages claimed for the Reavell compressor are : 
(1) Compactness, (2) suitability for electric driving, and (3) high 
efficiency. 

Electric Signalling 

Electric signalling has many important advantages over the other 
forms of signalling used in mines. For long distance signalling, 
such as from the foot of a dip haulage plane to the engine-house on 
the surface, it is the ideal system. The signals given, provided a 
strong enough battery be in use and proper contact is made whilst 
signalling, are at once clear and distinct. There may be some 
danger attached to its use in fiery mines, but in the electric Special 
Rules no higher voltage than 15 volts is allowed on any signalling 
circuit or part of a circuit ; with such a low pressure on the wires, 
the danger of igniting gas is reduced to a very low minimum. 
Another great advantage of electric signalling is that, where the 
wires run along the side of the haulage plane, contact can be made 
at any point, and a signal given to the engineman in charge to stop 
or go on as the case might be. In this way many an accident or 
breakaway of tubs may be averted, or at least rendered less 
disastrous. The apparatus used consists, in its simplest form, of an 

18 
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electric aignal bell, a battery of primary cells, and the BigQalltng 
circuit. The signal bells used are usually of the "single-stroke" 
tyt>e, as illustrated in Fig. 151. The striker or hammer is controlled 
by an electro-magnet which, when the current is on, actuates a soft- 
iron armature, which in turn works the hammer or striker of the 
bell. 

The "trembling" form of bell is also sometimes used. It is 
essential that bells of the " trembling " form, when nsed in fiery 
situations, should be enclosed in strong gas-tight casings, as the 
circuit is made and broken in rapid alternations, a aUght apark 
resulting each time. 

The line forming the circuit in electric signaUing is generally 
made with uninsulated galvanised iron wire of from No. 10 to 
No. 12 S-W.G. 

The wire is carried on porcelain insulators fixed at intervals 



Fifi. J51. — Siugle-stroke electric bell. 

down the shaft and along the side of the haulage plana Sometimes 

insulated copper conductors are used in the shaft, where a signal 
does not require to be given. The copper wire used may be any 
size from No. 16 to No. 22 S.W.G. 

A push-buttoa is employed to make contact between the 
positive and negative conductors, and so complete the circuit and 
ring the bell. The push-buttons are fitted up at the top and bottom 
and other important points of the haulage road. However, as the 
wires are bare, a signa! may be given at any point by simply 
bridging the two wires by means of a knife blade, piece of copper 
wire, or any other material of good conductivity. Where a number 
of branches are to be worked in conjunction with the main signalling 
circuit, relays are sometimes employed. The current from the main 
battery actuates an electro-magnet in the relay. These magnets 
complete each local circuit, and as the current from the main battery 
would not he sufficient to ring the bells, each branch is supplied 
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with an auxiliary battery to give current sufficient for signalling. 
Fig. 152 illustrates the method of arranging electric signals. 




Fig. 152. — Method of arranging electric signals. 
C, battery ; B, bell ; P, push buttons or switches. 

The Magnetic Separation of Minerals 

The attractive power of the magnet has lately been put to practical 
use in the separation of certain valuable metals from the useless 
extraneous substances with which these have been associated in situ. 
The magnetic force, possessing a powerful influence over all metallic 
substances, but having no power whatever over non-metallic 
material, is able to single out the precious metals coming within the 
range of its influence, and to collect these entirely free from foreign 
matter. Iron and steel ores can be most successfully treated in this 
way, but the process has also given satisfaction in the separation of 
some of the less potent magnetic ores, such as those of copper, zinc, 
and tin. 

A magnetic separating machine — probably one of the best 
of its kind — made by the Sandy croft Foundry Company, Chester, 
is shown in Fig. 153. The machine consists of a powerful 
horseshoe magnet, between the poles of which rotates a drum. 
Above this drum is a disc which is made to revolve at a very high 
speed in a direction at right angles to the direction of motion of the 
drum. The ore to be separated is run on to the drum. As the 
drum revolves the material has to pass between the poles of the 
magnet, and the metallic particles are caught up and thrown on 
to the disc above, the poles being so arranged that this can be 
effected. The revolving disc in turn throws the metal into a hopper 
provided for the purpose. The non-magnetic material, uninfluenced 
. l9y the magnetic lines of force, passes round with the drum, and is 
deposited into the dirt hopper. 



Electrical Equipment of Colliery Workshops 

Colliery workshop tools and appliances may be very advantage- 
ously driven by means of electric motors. 

In large engineering shops motor driving is largely adopted, and 
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many economies of time, expenditure, and labour thereby effected, 
and there is no reason why similar advantages should not be gained 
in the workshops of collieries by adopting electric driving. 

Snch tools AS circular saws, drilling machines, planing, morticing, 
and other wood-working machines may be conveniently operated by 
a single electric motor, the subdivision of the power being effected by 
means of belting and shafting. 



Fig. 153. — Magnetic se[rarator. 

A portable electric drilling machine would also be a valuable 
adjunct to the equipment of a colliery workshop, the drilling of holes 
being constantly necessary in colliery work. 

Electric cranes for general colliery work are also being adopted, 
and an entirely new departure in the development of electrical 
application to colliery appliances has lately been patented in the 
manufacture of an electrically-driven pneumatic hammer. 
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Electkic Welding 

Electric welding possesses several advantages over the ordinary 
methods of welding. It is generally admitted that a weld made by 
the electric process more nearly approximates to the strength of the 
solid metal than does a weld made in the ordinary way. 

Other advantages are : (1) Awkward breaks, which it is found 
almost impossible to weld in the ordinary way, can be successfully 
welded by the electric process ; and (2) a break may be repaired on 
the spot by electric welding, and in non-fiery situations the operation 
may even be carried out underground with equal ease and satisfaction. 

The two systems of electric welding in most general use are the 
Arc or Benardos system and the Thomson system. 



The Arc System 

In this system the current is supplied by continuous-current 
dynamos. It is a low-tension system, the voltage being generally 
from 80 to 90 volts. 

The positive side of the circuit is connected up to the piece of 
metal to be welded, and on the negative side the cable is attached to 
a carbon pencil which is supported in an insulated holder. When 
welding is to be done, the operator holds the carbon pencil at 
" striking " distance from the point where the weld is to be made, 
the positive connection having previously been prepared. 

In this way an electric arc is formed through the current bridging 
the air-gap between the point of the carbon pencil and the piece of 
metal. The resultant temperature is sufficient to enable a perfect 
weld to be made. A regulating resistance is i)rovided, so that the 
voltage and amperage can be increased or decreased as the work 
demands. The unavoidable proximity of the workman to the glare 
of the arc in this system renders necessary a protecting covering 
or shade over the eyes and face during the process of welding. 
Experiments which have been made to ascertain the proportion of 
strength of an electrically- welded bar to a solid bar have resulted in 
an efficiency of from 85 to 95 per cent, being obtained. 

A modification of the Arc system, known as the Deflected f Arc 
system, has been recently tried. In this modification the cable mains 
are connected to two carbon terminals, the air-gap between the 
terminals being adjusted to produce the necessary arc. An electro- 
magnet situated on one side of the arc deflects or draws out the 
flame. The electro-magnet is excited by a portion of the current 
being passed through it. 

The principal advantage in this system is that the piece of work 
to be welded does not form any part of the circuit, thus allowing a 
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variation in the temperature produced by the arc to be made by 
simply moving either the carbons or the metal nearer together or 
farther apart, as the case may be. 

The Thomson System 

In this system low-tension alternating current is used, and instead 
of employing a carbon terminal, as in the arc system, the two mains 
are connected direct to the articles to be welded. 

A transformer is included in the circuit, in order to reduce the 
voltage sufficiently for the welding process. 

The current enters the transformer at a pressure of about 
200 volts, and leaves it at about 1|^ to 2 volts. In this way a heavy 
current is made to pass through the pieces of metal under treatment, 
and a great heat thereby obtained. The two pieces of metal are then 
forced together by mechanical or other means, and the weld made. 



CHAPTEE XIII 

COMPARISON OF THE DIFFERENT MODES OF 

TRANSMITTING POWER 

Steam power — ^Compressed Air — Transmission by rods — Wire rope transmission 
— Hydraulic power — Gas and oil transmission — Electric transmission. 

The principal advantages claimed for electrical transmission of power, 
as compared with other systems, are higher efficiency and greater 
economy in working. 

In view of this, it may be advantageous for us to consider briefly 
the various methods of transmitting the power from surface plant to 
underground machinery, and to consider the merits and demerits of 
each individual system, so that we may be all the better able to 
estimate the position of electrical transmission in relation to the 
rival systems. 

First of all, let us bear in mind that the only primary sources of 
power usually available at collieries are steam, gas, and oil — water 
power of sufficient bulk being seldom obtainable for generation 
purposes. 

Electricity, in company with several other modes of power 
transmission, is therefore only a secondary power, and is dependent 
for its existence upon the primary sources of power referred to. 

The transmission of the power generated in the steam boilers or 
gas-producer plants may be accomplished either by the direct con- 
veyance of the steam or gas pressure to the point of utilisation, or 
through the medium of the electric current, compressed air, ropes, 
rods, or water pressure. 

In order to present a satisfactory comparison of those different 
systems of transmitting power underground let us classify them as 
follows : — 

1. Steam transmission. 

2. Compressed air. 

3. Rod transmission. 

4. Wire ropes. 

5. Hydraulic or water power. 

6. Qas and oil. 

7. Electrical transmission. 
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Steam Transmission 

Fs>T nearly half a century the transmission of the steam generated 
in the boilers through pipes down the shaft and into the underground 
workings of the mine has been the general practice at the majority of 
collieries. 

This mode of transmitting the power direct is probably cheaper 
in first cost than any other system, and has the additional advantage 
of being simple in principle and in application. 

There are, however, several notable objections to the conveyance 
of steam into the underground workings of mines, and the following 
are the most important of those : — 

(a) Loss through Condensation, — In passing through a length of 
pipes steam gradually falls in temperature, owing to the cooling effect 
of the pipes and the resultant radiation of the heat from them. The 
loss of heat by radiation may, to a great extent, be reduced by cover- 
ing the pipes with some non-conducting material, and this is generally 
done in the majority of cases. Still, even when the pipes are 
coated in this manner, a considerable percentage of loss results from 
condensation. 

The percentage of loss from this cause depends (1) upon the 
diameter of the pipes conveying the steam, (2) the distance to which 
the steam is carried, and (3) the amount of power transmitted. 

The loss of power increases directly as the length of the pipes. 
Thus there will be twice as much loss from condensation in trans- 
mitting steam a distance of one mile as there would be if the distance 
were only half-a-mile — the initial pressure and the diameter of the 
pipes being the same in each case. 

A distance of one mile is usually taken as the maximum to which 
steam can be economically conveyed. The loss also increases directly 
with the diameter of the pipes, but in estimating the relative loss of 
power from condensation in different sizes of pipes, another factor 
must be taken into serious consideration, namely, the frictional 
resistance to the passage of steam through the pipes. 

As the diameter of the pipe increases, the percentage of loss due 
to friction decreases considerably, and the reduction in the loss due to 
friction will far outweigh the loss resulting from the greater cooling 
surface of the larger pipe. 

For example, if we take the case of a 3 inch steam pipe as 
compared with a 6 inch pipe, it will be found that the larger pipe will 
be able to conduct five times the quantity of steam that the smaller 
pipe can for the same frictional loss. 

Therefore, although the larger pipe would have twice the cooling 
effect of the smaller, yet the total loss from friction and heat radia- 
tion in the 6 inch pipe would only be two-fifths of what it was in the 
smaller pipe, other conditions being the same in each case. From 
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the foregoing example it will be readily understood that the most 
economical results, in the transmission of steam through pipes, is 
obtained from the employment of large powers. Another factor 
which influences, to a large extent, the proportion of the power lost 
from condensation is intermittency of working. 

When steam is kept flowing steadily and constantly through a 
pipe the temperature of the pipe remains practically uniform, and 
the loss of power due to the cooling effect of the pipe is thus also 
uniform and minimum. 

But, on the other hand, when intermittent working is the daily 
practice, the pipes, at each recurrent stoppage in the flow of the 
steam, continue to radiate heat, and the temperature of the steam 
falls much more rapidly than it would do if it were kept in motion. 
This, of course, means loss of power, and the longer the period that 
the " dead " steam is allowed to remain in the pipes the greater will 
be the loss from this cause. 

(b) Other Objections to Steam Underground. — The employment of 
steam underground has associated with it several other minor 
objections. None of these, however, are of so much importance as 
the economical consideration we have already discussed, and it will 
be sufficient to briefly enumerate them as follows : — 

1. Obstruction of the shaft by the pipes conveying the steam. 

2. Danger of the bursting of a pipe or the blowing of a joint. 

3. Discomfort and inconvenience, both in the shaft and in the 
workings, resulting from the continual noise and presence of escaping 
steam. 

4. Increase in the temperature of the mine atmosphere, adding to 
the discomfort of the workers. 

5. Considerable difficulty is sometimes experienced in dealing 
with the exhaust steam, especially if the engine is situated a long 
distance into the workings. 

CoMPBEssED Air 

Compressed air, although a secondary power, is largely employed 
as a means of transmitting the power from the steam-engine into the 
underground workings of the mine. 

It forms a very convenient mode of power transmission, and can 
be applied to work almost every kind of underground colliery 
machinery. It is conveyed in pipes after the same manner as 
steam. 

The most important objection to the use of compressed air in the 
transmission of power is the low efficiency obtained — from 35 to 
45 per cent, being its average value. There are, however, some 
advantages possessed by compressed air which help to counteract the 
stigma of low efficiency. 
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For instance, an escape of air from the air -pipes, instead of being 
a source of discomfort and danger, as in the case of an escape of 
steam, is beneficial to the ventilation of the mine, although, of course, 
in both cases a loss of power results. This advantage of aiding the 
ventilation is especially beneficial in the driving of narrow places, 
where the atmosphere is frequently far from being pure. In these 
places the exhaust air from rock -drilling machines or coal-cutters 
helps to purify the atmosphere and improve the ventilation. 

Compressed air is also a very safe source of power, and may be 
employed with equal safety in fiery as in non-fiery mines. 

Where compressed air is adopted for transmission purposes, 
additional expenditure is entailed above and beyond that required 
where the steam is transmitted direct. The cost of the different 
air-engines employed underground may, of course, be taken to be 
about equal to a like number of steam-engines of equal j)ower, but 
then there remains the extra cost of the air-compressing engine on the 
surface, and this represents a very considerable figure. 

The working expenses of an air-compressing plant, however, 
compare very favourably - with the cost of working the ordinary 
steam-engine, and the convenience and immunity from the dangers 
and discomforts which are associated with the presence of steam in 
underground workings accentuate the superiority of compressed air 
over steam for transmission purposes. As has been remarked, the 
efficiency of compressed air as a motive-power is very low, and the 
following are the principal causes of the large percentage of loss 
occurring in transmitting the power : — 

1. Heating during Compression. — During the process of com- 
pressing the air in the cylinder great heat is generated, and the air, 
as the result of its rise in temperature, attempts to expand in volume, 
obeying the well-known law propounded by Charles which says that 
the volume of a gas increases or decreases with its temperature. 
Now, this attempt on the part of the air to expand within a confined 
space, instead of resulting in an increase of volume, becomes a 
proportionate rise in pressure, and the increase in pressure simply 
means that the resistance to the air-compressing engine is 
correspondingly increased. This increased resistance represents a 
dead loss of power, and for this reason, and also because compression 
to high pressures would be impossible because of the high resultant 
temperature, cooling processes have to be employed to keep the tem- 
perature within workable limits. 

The cooling of an air-compressing cylinder is variously effected by 
means of water-jacketing, spraying water into the interior of the 
cylinder, reducing the temperature of the air to zero before being 
compressed, and other more or less efficient processes. The speed of 
an air-compressing engine should be as high as is compatible with 
safe working, because the higher the speed the less time is allowed 



DIFFERENT MODES OF TRANSMITTING POWER 283 

for the heating of the air entering the cylinder and the leakage past 
valves, and the piston is reduced to a minimum. 

Low pressures are more economical than high pressures, for this 
reason, that the higher the pressure the greater will be the increase 
in the temperature of the air during compression ; consequently the 
greater will be the resistance to the compressing piston, and the 
greater the resultant loss of power. Probably the best results are 
obtained by compressing the air in one cylinder to, say, two atmo- 
spheres (30 lbs.), then passing the air through an inter-cooler, there 
reducing its temperature to that of the atmosphere, and afterwards 
raising its pressure to say eight atmospheres (120 lbs.) in another 
cylinder. 

Efficiency may also be increased by re-heating the air before it 
enters the air-motors, enabling freer expansion of the air to take place 
in the motor. The latest development in connection with the use of 
compressed air as a motive-power is a combination of electrical and 
compressed air transmission. Independent air-compressors worked 
by electric motors may be stationed almost any distance into the 
workings, and employed to work coal-cutters, rock-drills, and the like. 
The principal advantage of such a system is that, the compressed air 
having to be conveyed only a comparatively short distance, there is 
less loss of power than where the power has to be transmitted from a 
surface plant. 

2. L088 by Clearance. — If the clearance space in an air-com- 
pressor cylinder is large, considerable loss results, because the air 
remaining in the cylinder after the compressing stroke of the piston 
is completed, being at a very high pressure, expands on the back 
stroke of the piston, and partially fills the cylinder, thus preventing 
to some extent the entry of air from the atmosphere. To reduce this 
loss to a minimum the clearance space should be as small as 
possible. 

3. Frictional Losses. — Losses due to friction occur during the 
passage of the air from the compressor to the air motor. 

This loss occurs principally in the air-pipes, and as the friction 
decreases as the diameter of the pipes increases, they should be as 
large as can be conveniently employed. A very small increase in the 
diameter of the pipes means a very large reduction in the loss due to 
friction. 

The greatest source of loss in air-compression is that due to heat, 
the percentage of loss, even with the most efficient cooling apparatus, 
amounting to about 20 per cent, of the power expended. The loss 
due to friction is also very large, often amounting to from 15 to 25 
per cent. 

As the result of those and other sources of loss, the efficiency of 
compressed air cannot be expected to attain a higher figure than 
about 45 per cent. 
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Transmission by Means of Rods 

Power has sometimes been transmitted for long distances by 
means of a combination of rods and oscillating levers. The levers 
are pivoted vertically on their axles, and a backward and forward 
movement is transmitted from the crank of a steam-engine through 
the rods which are arranged to form connecting links between the 
levers. Power has also been transmitted by means of rods down 
a shaft and along the underground roadways. Bell-crank levers are 
used to turn corners. Rod transmission of power is very eflScient in 
some instances, as in the case of shaft pumping, but its use is very 
limited, owing to the ponderous nature of the apparatus when of 
great length, and the unsuitability of the reciprocating motion for 
any purpose beyond the pumping of water. 



Wire Rope Transmission 

The transmission of power can be very efficiently perfonned by 
means of wire ropes. The ropes may be used after the manner of 
belts for transmitting the power from a steam-engine to different 
kinds of machinery in and about the colliery, or they may be used, 
as in the case of underground or surface haulage, as a medium 
through which the engine may directly perform the work in hand. 

In the first case, the rope only transmits the power to secondary 
plant, while, in the second case, the rope on the drum of the engine 
is the same rope that performs the work to be done. 

In rope transmission the engine may be situated either on the 
surface or underground. If underground, of course, the steam has 
to be conveyed to the engine below, and as steam transmission is 
less economical the most efficient results are obtained by transmitting 
the power from a steam-engine on the surface down the shaft and 
into the workings solely by means of the wire ropes. 

Wire rope transmission is very cheap in first cost, but the cost 
of maintaining and renewing the ropes often runs to a high 
figure. 

For instance, perhaps the most efficient system of endless rope 
haulage is that in which the power is transmitted from a steam- 
engine on the surface down the shaft to a drum or drums at the 
head of the engine plane by means of an endless rope, usually known 
as a band rope. The endless rope proper runs on another drum on 
the same shaft as the band rope drum. With this method of rope 
transmission there is practically no loss of power save in the friction 
of the rope on the various guide and angle-pulleys. A serious dis- 
advantage, however, exists in the very short life of the band rope, and 
the consequent outlay for frequent renewals. 
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Another disadvantage of wire rope transmission is the space 
occupied in the shaft by the ropes, and the necessity for enclosing 
the ropes in boxes. 

Hydraulic Power 

This system of power transmission is very limited in its applica- 
tion to mining operations. Perhaps the only class of work to which 
it can be successfully applied is the pumping of water. It has also 
been applied to work power rams and movable landings, such as 
Fowler's well-known apparatus for loading and unloading triple-decked 
cages, and also in certain inventions for the automatic prevention of 
overwinding. Perhaps the best-known example of hydraulic trans- 
mission of power may be seen in the working of Moore's hydraulic 
pump, in which two independent columns of water are the medium 
through which the power of the steam-engine on the surface is 
transmitted to the pump below. By reason principally of its 
limited application, hydraulic transmission of power is not in very 
general use. 

Gas and Oil 

Gas, as a source of power, has many advantages, and the gas- 
engine for electric generation purposes bids fair to rival even the 
most improved types of steam-engine in the near future. The gas 
may be produced very cheaply, and can be transmitted almost any 
distance in pipes with very little loss. 

It is unsuitable for transmission into mines, however, owing prin- 
cipally to the explosive nature of the vapour and the poisonous and 
dangerous nature of the exhaust gases expelled from the gas-engine. 

Oil-engines are also now being used at many collieries. 

Oil is a very cheap and convenient source of power. It can be 
taken into the mine in tanks or casks to wherever the oil-engine 
is situated, and so very little trouble and practically no loss at all 
is occasioned in its transmission underground. 

An oil-engine should never be used in situations where the 
exhaust gases will be carried to working places by the ventilating 
current. It should always exhaust into the return air- way, so that 
the gases may be carried straight to the upcast shaft. 

One very important objection to the introduction of the oil 
engine underground is the necessity for a large oil or other flame 
to heat the vaporiser whenever it is required to start the engine. 

Both oil and gas-engines are troublesome to start, and for this 
reason are unsuitable for many kinds of underground work. For 
work on the surface both the oil-engine and the gas-engine can be run 
very economically. 



CHAPTEE XIV 

DANGERS OCCURRING FROM THE USE OF ELECTRICITY 

IN COLLIERIES 

Piincipal causes of accidents — Ignorance and carelessness — Training of attend- 
ants — Defective apparatus— Systematic inspection of cables, plant, etc. — 
Effects produced by electric shock — Dangers of high-pressure current — 
Resistance of the human body — Treatment for electric shock — Sylvester's 
method of resuscitation — Dangers from fire— Dangers of electricity in fiery 
mines — Gas-tight motors — Dangers of sparking at the face. 

No one will attempt to deny that many grave dangers are associated 
with the use of electricity both on the surface and under. Never- 
theless, with ordinary caution and a thorough appreciation of the 
nature of the dangers to be guarded against, there need be no more 
risk run in attending electrical machinery than there is in the care of 
steam-engines and boilers. 

Obviously the first precaution that must occur to one, whereby 
the dangers resulting from the employment of electricity may 
be considerably minimised is the education of all attendants of 
electrical apparatus into a thorough understanding of the functions 
of the different electrical apparatus under their charge, and combined 
therewith a clear grasp of the fundamental principles governing the 
behaviour of electric currents. 

In the production, transmission, and use of electricity, as in other 
phases of human activity, probably more accidents can be traced to 
ignorance on the part of electrical attendants than to any other 
cause, and we make bold to say that no workman ought to have the 
care and control of electrical apparatus imposed upon him without 
first being trained in the elementary principles of electrical science, 
and duly impressed with the hazardous nature of the work and the 
necessity for extreme caution and watchfulness. 

The possession of a complete knowledge of those materials which 
form electrical conductors and those which form insulators, is un- 
doubtedly a very valuable acquisition to those coming daily into 
contact with electrical apparatus, and such men would do well to 
commit to memory a list of conductors and insulators such as that 

given in Chapter I. of the present volume. 
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In the Special Rules for the Installation and Use of Electricity 
at Collieries we have an excellent compendium of rules and pre- 
cautions which, if rigorously observed, will certainly go a very long 
way in the prevention of accidents due to the use of the electric 
current. 

But the question arises, Does electrical apparatus at collieries 
always come up to the standard required by the Special Rules 1 Too 
often, it is to be feared, the employment of paltry and altogether 
inadequate " makeshifts " takes the place of what should be reliable 
and electrically-safe appliances. Unquestionably such "makeshifts" 
cannot be too strongly condemned, and many accidents may be 
traced to this cause alone. Then, again, is it not often the case that 
defects in cables, switchesj and other electrical apparatus at collieries 
are allowed to exist far beyond the length of time really necessary for 
the repair of the faults and deficiencies 1 

The defects may be known to the management, but are not 
considered sufficiently glaring to demand immediate attention, and 
so they are allowed to remain, to the extreme danger, it may be, of 
workmen and attendants. 

Such ignorant or wilful neglect is most reprehensible, and is 
altogether unworthy of a thoroughly capable manager of a colliery 
where electricity is employed. 

If the management is a capable one, prompt attention should be 
paid to all defects, however slight, in electric apparatus, as not only 
will risk to human life be averted by such a course of action, but 
the life of the property will be prolonged and the safety of the mine 
maintained. 

Periodic and systematic inspection should be made of all cables, 
joint boxes, connections, etc., so that no defect may remain uor 
detected, and when defects occur they should be promptly put right. 

All cables should be of ample current capacity for the require- 
ments of the installation, and the insulation should be heavy and of 
the very best material. 

Switchboards should, of course, be of insulating and uninflammable 
material, and should be of sufficient size to accommodate the meters, 
switches, fuses, etc., without any approach to overcrowding. 

Switches should be of the latest improved description, fuses 
either entirely enclosed or embedded in porcelain handles, and all 
other apparatus of similar up-to-date description. 

Still, however, even with the most perfect appliances and the 
most extreme caution and care on the part of those brought daily 
into contact with electrical apparatus, we can hardly expect that 
accidents from electric shock will be entirely eliminated, and a brief 
outline of the course of action to adopt in the event of such an 
accident occurring may be found of great utility. 

The effects produced by a charge of electricity, if such charge 

19 
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be sufficient, are complete stoppage of the breathing, and stagnation, 
or rather suspension, of the heart's action. 

The voltage necessary to produce electric shock in a human being 
can hardly be limited to any specified pressure, as it depends upon 
(1) the conductivity of the person's body, and (2) the amount of 
surface in contact. 

For instance, one case is recorded of a person being killed by 
so low a pressure as 95 volts. The current was alternating, and 
the victim was of weak constitution. Another circumstance which 
lowered the resistance to the passage of the electric current to 
earth, by way of the victim's body, lay in the fact that he i;vas 
working with bare feet on wet ground. In another case a man 
was killed at a pressure of 200 volts, by taking hold of a bracket 
with both hands. In this case the heart lay in the direct course 
of the current. On the other hand, persons have been known to 
survive shocks at pressures of as much as 3300 volts, and even 
5000 volts. Undoubtedly, however, the risk of shock with low 
pressures is small compared with the risks attached to the use of 
high-pressure current. There is more danger, too, with alternating 
current than there is with continuous current. 

Properly speaking, it is not correct to say that a person was killed 
hy a certain pressure, because it is not the voltage but the amperes 
that kill, although, of course, the amount of current that will pass 
through the body is determined by the voltage and the resistance of 
the surface in contact. 

The resistance of the human body is given at values varying from 
1000 to 2000 ohms. 

The latter figure may be taken as representing the average 
resistance of a vigorous and healthy frame, and the former as the 
resistance of a system weak in heart action, and delicate in build. 

The amount of current that will cause death is stated by various 
authorities at from y^^h to \ of an ampere. 

For the purpose of practical illustration, suppose we take the case 
of a healthy person with a resistance to the passage of electricity of 
2000 ohms, and a current of electricity at a pressure of 500 volts 
passes through his body. The amperes will be found thus : — 

E r^ volts 

- = C or -.j = amperes ; 

K ohms 

500 1., ^ 
.'. = Ith of an ampere, 

2000 ^ ^ 

which would produce insensibility, and probably death, if prompt 
action were not taken and resuscitation attempted. 

The resistance of 2000 ohms would require a good surface contact, 
about 10 square inches, so that if the contact were less than this the 
resistance would be greater and the amperes less. 
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A moist skin will also enable the current to pass more easily than 
would a dry one. 

Something also depends upon whether the heart lies in the direct 
line of the current or not. 

For instance, a current passing from the hand to the head is not 
so dangerous as a current passing from hand to hand, because, in the 
latter case, the current must pass straight through the heart. 

Care should therefore be taken in working amongst electrical 
apparatus when the current is on to work with only one hand at 
a time, where that is possible, and let it be always the right hand. 

It must also be remembered, of course, that in accordance with 
the Electric Rules "no repair or cleaning of the live parts of any 
electrical apparatus, except mere wiping and oiling, shall be done 
when the current is on," and that "gloves, mats, or shoes of india- 
rubber or other non-conducting material shall be supplied and used 
where the live parts of switches or machines, working at a pressure 
exceeding the limits of low pressure, have to be handled for the 
purjxjse of adjustment." 

Treatment for Electric Shock 

If the vital tissues of the body are not destroyed, it is possible 
to recover. 

In rescuing a person in contact with electric conductors, the 
following course of action should be taken at once. 

1. Break or disconnect the circuit, if that be practicable. 

2. Remove the body away from contact with the wire, cable, or 
other conductor. 

In doing this, care should be taken to stand on some insulating 
substance, such as a rubber mat, piece of dry wood, an article of 
clothing, and the like, and the body should be seized by the clothing 
and not by the flesh. 

3. Send for a medical man. 

It cannot be too strongly urged that promptness and a cool head 
are essential in such crises. 

When the victim of shock has been removed from contact with 
the "live" metal, he should be placed flat on his back, if possible 
in a slightly inclined position. A roll of cloth or other similar 
material should next be placed under the shoulders, and artificial 
respiration proceeded with without delay. 

Sylvester's Method of Resuscitation^ as recommended by the Royal 
Humane Society, is the one generally adopted. The modus operandi 
is as follows : The first thing to do is to remove all tight clothing 
from about the neck and chest — everything, in fact, covering the body 
above the waist. This is essential for the eflfective carrying out of 
the movements necessary in the process of resuscitation. Next draw 
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forward the patient's tongue to its full extent, and secure it in that 
position by means of an elastic band or piece of tape or ribbon over 
the tongue and under the chin. This allows the air free access to 
and from the lungs while artificial respiration is being performed. 

If the body is now placed in the reclining position already indicated, 
an attempt at the restoration of life may be proceeded with. 

It should be always borne in mind, of course, that the above 
preliminaries should occupy as short a time as possible. In such 
crises time is very precious, and even a second lost through delay or 
blundering of any kind lessens the chances of the victim's life being 
saved. 

Everything being in readiness, the person who is to carry out the 
respiratory process stands at the victim's head, and, grasping the arms 
immediately above the elbows, raises them gently and steadily upwards 
over the head, keeping them in this position for about two seconds. 
By this means the chest is raised, the lungs expanded, and air is 
drawn in, or inhaled. 

He then lowers the arms and presses them gently but firmly 
against the sides of the chest. By this means the lungs are made 
to contract, and air is expelled from them. 

These movements should be repeated, as far as possible, at a 
uniform rate, so as to alternately expand and contract the lungs 
once every four seconds, this being equivalent to fifteen respirations 
per minute, which is the average in natural breathing. 

Artificial respiration should be continued till spontaneous attempts 
at breathing are noticed, and should never be discontinued, though 
seemingly unavailing, till at least three hours have elapsed since a 
start was made. Further, there must be no cessation, however brief, 
in the work of resuscitation, as this would be fatal to the success of 
the effort. 

The upward and downward movements must be steadily performed 
fifteen times in every minute, during the whole time. 

When the first operator has become exhausted, another must be 
ready to take his place, and carry on the work of respiration without 
the missing of a single breath. 

Aft&ir breathing has been restored, efforts should be at once 
directed to the promotion of the circulation, and the restoration of 
warmth in the body. 

The limbs should be rubbed upwards, i.e, towards the heart, 
flannel or other soft clothing being employed for the purpose. Warm 
flannels, bottles, and the like should be applied to various parts of 
the body, especially the region of the stomach, and the judicious 
administration of small quantities of warm water or coffee when the 
patient is able to swallow will materially help towards recovery. 

The injection of ether and alcohol under the skin, through the 
medium of a fine hollow needle, having a small syringe attached, has 
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also been advocated as an aid to the restoration of life after electric 
shock. The raising of the lower limbs and the body, and the ad- 
ministration of a few smart blows on the body over the heart may also 
be eflPectual in re-animating the vital organ. 



Dangers from Fire 

The occurrence of a fire in the underground workings of a mine 
is, indeed, a terrible thing, especially if the blaze catches hold of the 
solid coal. Sometimes such a fire may assume enormous dimensions, 
and, it may be, ultimately cause the abandonment of the entire mine. 
But a fire may not only cause considerable loss of property, it may 
also cause the loss of valuable human lives. Many a life has been 
lost in the attempt to fight the ravages of an underground fire, some 
through the fumes and smoke, some from the deadly carbon monoxide 
emitted from the fire when in a smouldering state, and some even 
from the consuming flames of the gigantic conflagration. Now, there 
are many ways in which the electric current may be the direct cause 
of the commencement of a fire. The breaking of a live cable, the 
blowing of a fuse, the heat given off from lamps, short-circuiting, and 
the like, may very well inaugurate disastrous fires, did no one know of 
the occurrence. In view of this, effective precautions must be taken 
at every point where there is any possibility of the electric current 
causing a fire, should any fault or defect occur in the apparatus. 

Let us commence at the generator-house, and go right from where 
the current is generated to the point of utilisation, and see what can be 
done to eliminate the possibility of a fire taking place. 



The Generator-House 

The house or power station, in which are situated the machines 
for the building up of electrical energy, should always be, as far as 
possible, of fireproof construction, and situated entirely apart from 
all structures of wood or other inflammable material. By this pre- 
caution the outbreak of a fire in the generator-house will be effectually 
prevented from spreading to the woodwork of the pit-bank, to timber 
heaps, or to other engine-houses in and about the colliery. 

Fire buckets, filled with clean, dry sand, should also be kept in a 
handy ix)sition, in all power stations or generator-houses, as well as 
all motor-rooms both above and below-ground, so as to be ready for 
immediate use in extinguishing fires. 

This precaution is strictly enjoined by the Special Rules for the 
Installation and Use of Electricity, and must, therefore, be complied 
with. 
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Cables 

A fire may be caused by a cable or conductor breaking, or, as is 
more frequently the case, a short-circuit, or fault, occurring in either 
one cable or in the other. 

. It should be borne in mind, however, that a short-circuit can only 
take place if the two conductors are connected with earth at the same 
time. 

Various circumstances may arise, however, which would bring 
about such a situation. For instance, in one cable the insulation 
may be destroyed through some accident, and the conductors connected 
to earth, and in the other, though the insulation may not be broken 
up or destroyed, it may yet be so soaked with water that a good 
connection to earth is made, and in this way short-circuiting may 
occur. Again, a damp situation may alone cause a " short " in the 
cables, as, if the insulation of each conductor becomes soaked with 
water, a short-circuit must inevitably follow. Fortunately, situations 
where such conditions prevail do not favour the outbreak of a 
general conflagration. 

A short-circuit occurring at any point in a circuit, however, where 
highly inflammable material, such as dry wood, dry coal dust, brattice- 
cloth, and such like, are in near proximity to the fault, may very well 
result in an outbreak of fire. 

Some kinds of cable coating and covering are highly inflammable, 
as, for instance, tape and braiding, and should a short-circuit take 
place this stuff may take fire. The flame from a short-circuit 
does not require to be of long duration in order to start a fire. 
In a deep mine a high temperature is often imavoidable, and the 
dry state of everything renders the production of a fire a very 
much easier process than it would be under less favourable circum- 
stances. 

Wire-armouring on a cable will tend to prevent the burning of 
inflammable coverings, such as tape and braid, when a short-circuit 
occurs, as, being eflSciently earthed, the armouring would conduct the 
leakage to earth with a minimum risk of injury or accident. 

On the other hand, armouring of cables makes a fault or " short " 
more likely to occur, as there is only the insulation of the cable 
between the copper conductors and the armouring; a fault is 
also more difficult to detect and locate when the cables are 
armoured. 

The different types of cables, and the various methods of laying, 
fixing, and jointing them, in order to prevent injury or deterioration 
of the insulation, will be found fully discussed in Chapter m., where 
the methods of locating a fault and testing the insulation are also 
treated. 
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Fuses and Cut-Outs 

The " blowing " of a fuse may very readily cause a fire, if there is 
any inflammable material near. Fuses are, however, generally carried 
on the switchboard, and, as that must be of uninflammable material, 
the only things that could catch fire in the case of the burning of. a 
fuse would be the framework (if that be of wood) supporting the 
switchboard, or any inflammable stuft' that might, perchance, be lying 
near at the moment. Fuses are sometimes enclosed in air-tight iron 
cases, and in mines w^here General Kule No. 8 of the Coal Mines 
Regulation Act applies, this precaution is now compulsory. Circuit- 
breakers and cut-outs should also be enclosed in iron cases, or break 
under oil. 

Motors and Motor-Houses 

Motor-houses have as much, if not more, need to be constructed of 
fireproof material as the power station on the surface. 

The motors should be placed, as far as is practicable, on brick or 
concrete foundations, and the motor-house walled around with brick 
and lime. The roof should be of sheet-iron carried on iron rails or 
girders. 

All stationary motors using current above the limits of low 
pressure must, of course, be earthed according to the Special Rules, 
so that when a short-circuit or fault occurs, the leakage in certain 
circumstances may be conducted straight to earth. Care should be 
taken not to flood the motor bearings with oil to such an extent that 
there is any possibility of the oil finding its way to the electrical 
parts of the machine. 

Particular care should be taken not to allow any oil to get on the 
commutator, as the sparking at the brushes would readily ignite the 
oil and, it may be, cause considerable injury to the motor. 

Heat given off by Incandescent Lamps 

The incandescent lamp gives off" great heat when burning. This 
can be forcibly demonstrated at any time by touching the glass bulb 
with the hand after the lamp has been burning for some time. It has 
been estimated that about 90 per cent, of the energy absorbed in a 
filament lamp is expended in the generation of heat. If the glass bulb 
of an incandescent lamp be in contact with any very inflammable 
material, such as dry coal dust, cotton waste, hemp yarn, or dry wood, 
it is quite possible that a fire may result. 

All filament lamps should therefore be placed in situations where 
they cannot come into contact with inflammable material of any 
description, and where the air-current can have free access to them so 
as to readily dissij)ate the heat. 
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Dangers of Electeicity in Fiery Mines 

In addition to the many dangers from fire and shock which may 
be said to be inseparably associated with the use of electricity in any 
circumstance, there is also considerable risk attached to its introduc- 
tion into fiery mines. 

In seams giving off much fire-damp there remains the possibility, 
at any moment, of gas accumulating in dangerous quantities, and, no 
matter how efiicient may be the ventilation, it is practically impossible 
to avoid the existence of a highly explosive mixture at some time or 
other. 

Now, although an electric spark may quite safely occur in non- 
fiery situations, or in an atmosphere which, though gaseous, yet 
contains an insufficient quantity of gas to make the mixture explosive, 
such a spark occurring in an air-current containing the necessary 
percentage of explosive gas would most certainly be sufficient to 
ignite the mixture. 

Of course, as a general rule it is not often that in a well- 
regulated mine the percentage of gas in the air-current is allowed to 
attain dangerous proportions. Still, such contingencies may and do 
occur, and, knowing full well the extreme peril and danger both to 
life and property when such conditions prevail, it is well that we 
should have a due appreciation of the risks run in the introduction 
of electricity into mines where there is the least chance of dangerous 
accumulations of fire-damp, and the precautions which must be taken 
to combat the danger. 

First of all, it will be well if we for a moment consider what 
constitutes an explosive mixture in a mine. 

A mixture of fire-damp and air, according to the generally accepted 
standard, will not explode until there is 1 part of the former to 13 of 
the latter, which is equivalent to an atmosphere containing about 
7 per cent, of fire-damp ; and even in that proportion the mixture will 
explode but feebly. 

The highest explosive point is reached when there is from 10 to 
12 per cent, of gas present, the mixture then being made up of 
1 part of CH4 to from 9 to 7 j parts of air. As the percentage of fire- 
damp increases above this point the explosibility of the mixture 
decreases^ until when there is about 20 per cent, of the gas present 
an explosion will not occur if a light be applied. 

There is, however, another important circumstance which must 
be taken into consideration in discussing the explosibility of a 
mixture of fire-damp and air. In many present-day mines the 
presence of dry coal dust, in a finely subdivided state floating in the 
air, makes extremely dangerous an atmosphere which but for that 
would be perfectly safe. 

This fine coal dust, if present in sufficient quantities, will render an 
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atmosphere explosive with the addition of less than even so small a 
quantity as 2 per cent, of fire-damp. 

Now this amount of fire-damp may often be present in the air- 
current, as when " blowers " of gas occur, and, in consequence, in dry 
and dusty situations the atmosphere must be considered explosive 
and dangerous when so much as 2 per cent, of gas is detected. 

The great difficulty, in such circumstances, is that the ordinary 
safety-lamp will not detect less than 2 per cent, of fire-damp, so .that 
the only safe course is to have some more sensitive apparatus for the 
purpose. 

Let us now consider the various points in an underground 
electrical installation where sparking may occur, and the precautions 
to be taken in each case. 

Sparking at Switches 

In open-type switches sparking very often occurs when the 
current is switched on and off, and this sparking is liable to take 
place with either continuous or alternating current. In non-fiery 
situations this is of little consequence, but if fire-damp were present 
it would probably prove disastrous. In fiery situations, however, the 
switches are either enclosed in a strong gas-tight box or break under 
oil. Both of these types of switches are described in Chapter III. 

Sparking at Brushes 

Sparking at the brushes of a continuous current motor may result 
from various causes, of which the following are a few : — 

1. Insufficient contact surface between brushes and commutator. 

2. Incorrect or faulty alignment of the brushes on the com- 
mutator. 

3. Excess of load. 

4. Variation in the precise position of the neutral point. 

5. Dust on the commutator. 

When the motor attendant notices the brushes sparking he 
should first of all see that they are set exactly in line. If the brushes 
do not seem to be lying properly they should be taken off singly and 
trimmed or ground down to the exact curvature of the commutator. 
This must, of course, only be done when the motor is standing and 
the switches drawn. The variation of the neutral point may be 
counteracted by rocking each set of brushes a little way in either 
direction round the commutator until sparking stops. The com- 
mutator may be kept clean by the frequent application of glass- 
paper. The commutator should also now and then be thoroughly 
cleaned with a piece of clean cloth. A slight touch of vaseline 
should also be sometimes applied. Even with the greatest care 
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and watchfulness, however, sparking cannot fail to occur sometimes 
with an unenclosed continuous current motor. 

Gds-tight Motors are now manufactured for use in fiery mines. 
In these the motors are enclosed in strong iron or steel casings, strong 
enough to resist an explosion of gas should that occur in the interior 
of the casing. In some of these motors there are a number of slotted 
openings, somewhat equivalent to the gauze in a safety lamp, which 
are useful in dissipating the heat given off in the motor, and assist 
in preventing any sparks or flaming from reaching the outside 
atmosphere. In direct current stationary motors, such as those for 
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Section of Safety Commutator. 
Fjg. 154. — Safety commutator for gassy mines. 



working haulage and pumping plants, what are known as safety com- 
mutators are used. A good type of safety commutator is shown in 
section in Fig. 154. 

The idea of the safety commutator is to enable direct current 
motors to be employed in fiery mines, and to obviate the danger of 
sparking at the brushes, which might cause the ignition of gas. 
From the illustration it will be seen that the safety commutator 
differs from the ordinary form in having the brush contact on the 
inside of the commutator segments instead of on the outside. The 
segments of the commutator are clamped between a ring and a 
specially designed disc which is keyed on the shaft. The brush 
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holders and brushes are carried on a disc sliding on the extended 
brass bearing, and the brushes can be set in their proper position b^ 
means of a clamping handle. Any sparking at the brushes can be 
noted through small windows set in the disc, and so corrected. 

Burning out of Fuses 

The " blowing " or burning out of a fuse results in a momentary 
flash of flame of considerable magnitude, which could not fail to fire 
gas if it were present at the moment in sufiicient quantity. Open 
type fuses are, however, entirely prohibited in fiery mines by the 
Electrical Rules, and should never be used in seams which have been 
known to give off" gas at any time. 

The fuses should be enclosed in a strong gas-tight iron case or 
box. The same precaution applies to cut-outs and circuit-breakers. 

Dangers of Sparking at the Face 

Admittedly there is grave risk attached to the introduction of 
electricity into a mine liable at any time to dangerous outbursts of 
explosive gas, and these dangers are increased tenfold when we come 
to consider the application of the electric current to coal-cutting and 
drilling machinery at the working face. 

It is here that the fire-damp first emerges from the seam and 
commingles with the air. In a seam giving off much gas the fire- 
damp is almost continually being emitted, and each new cut or break- 
ing of coal sees fresh supplies of CH^ freed from in situ, and 
vomited forth into the atmosphere of the mine, to the dread and 
danger of the workmen. 

Now, it will be readily admitted that very careful consideration 
must be given to all sides of the question before deciding upon the 
introduction of electrical coal-cutting or drilling machinery into a 
seam giving off fire-damp. 

It should be remembered, however, that in most gassy mines, 
even at the working face, it is not very often that gas is present in 
quantity sufficient to render the air explosive, and it would conse- 
quently be quite safe to run an electric coal-cutter during the period 
that the mixture was within a safe distance of the explosive point. 

The question is how to be able to determine the explosive point, 
and to have an accurate indication of the rise and fall of the percent- 
age of gas in the air. 

The Special Rules for the Installation and Use of Electricity in 
Mines enjoins that " a safety lamp or other suitable apparatus for the 
detection of fire-damp shall be provided with each machine when 
working, and should any indication of fire-damp appear on the flame 
of the safety lamp or other apparatus used for the detection of fire- 
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damp, the person in charge shall immediately stop the machine, cut 
off the current at the nearest gate-end or switch, and report the matter 
to an official of the mine/' 

Now this is all very good, but we have seen that the ordinary 
safety lamp will not unmistakably indicate a percentage of gas which 
would render an atmosphere explosive, if the situation was a very dry 
and dusty one. 

In a dry and dusty mine, with a coal seam giving off fire-damp 
even in small quantities, some more delicate and accurate means of 
detecting fire-damp than the safety lamp has been proved to be must 
be provided before an electrical coal-cutting machine can be used in a 
fiery mine with absolute safety. 

With such an apparatus in use, an electric coal-cutter may be 
worked so long as the presence of fire-damp remains unindicated, but 
once it is detected the motor must be at once shut off, and the current 
cut off at the nearest gate-end panel or switch-box. 
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QUESTIONS SUITABLE FOR STUDENTS PREPARING 
FOR COLLIERY MANAGERS^ EXAMINATIONS. 

1. Give a general outline of the various plants necessary for a 
continuous current electrical installation. If the power has to be 
transmitted down the shaft and into the workings for a total 
distance of 1000 yards, and an effective horse-power of 100 is required 
in the haulage motor, what will the horse-power of the generator 
require to beT , 

2. Enumerate the different purposes for which electricity has 
been applied in coUieries. 

3. Compare the relative efficiencies of electricity and compressed 
air. Supposing each to be modern and well-designed plants, what 
will be the percentage of the power of the steam-generating engines 
that you would expect to find in (a) the electric motor, and (6) the 
compressed air engine 1 Detail the different sources of loss in each 
case. 

4. Clearly define the four electrical units in common use. 
What, in your opinion, is the most suitable voltage to use for 
ix)wer, looking at the matter from the standpoint of economy and 
safety 1 

Note, — Where the power has to be conveyed for long distances, 
pressures up to 3000 volts may be very economically employed, 
the current being afterwards transformed down to a lower voltage 
before entering the motors. As regards safety, however, probably 
the best voltage to employ is from 450 to 650 volts. 

5. Sketch and describe four types of electrically driven coal- 
cutters. 

6. Electrical energy amounting to 150 horse-power has to be 
transmitted a distance of one mile from the generator, and is to 
be employed for haulage purposes. What voltage would you adopt, 
and what description of dynamo would you install What type 

and horse-power of engine would you adopt*? What would be the 
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size of cables necessary ] And how would you carry them down 
the shaft and along the underground roadways'? 

7. Under what conditions would you prefer coal-cutting machines 
to manual labour? State some of the benefits accruing from the 
emplo3niient of coal-cutters. 

8. Give a description of the best starting switch with which 
you are acquainted for controlling a motor of 30 B.H.P. 

9. Describe two types of electrically-driven pumps, one coupled 
direct to the motor and the other worked by gearing. 

10. What type of prime mover would you adopt for driving 
an alternating current generator of 500 kilowatts output 1 Briefly 
describe the principle of the Parsons and the De Laval steam 
turbines. 

1 1 . Describe the principle underlying the generation of electricity 
in the dynamo. How is the current measured, how is the power 
calculated, and through what medium is it conducted down the 
shaft and along the roadways of a mine? 

12. Give a general outline of the dangers occurring from the 
employment of electricity underground, and the precautions to be 
taken in each case. 

13. An electric motor is used for driving a three-ram pump 
underground. When the motor is working at full load the 
ammeter reading is 65 amperes. If the voltmeter records a pressure 
of 410 volts, what is the power developed in the motor 1 

14. What is the relative strength of a welded bar to a solid bar? 
Describe how electric welding is performed, and state its advantages 
over the ordinary method. 

15. How much additional power would be got by placing 
one belt upon the top of another"? Under what circumstances 
would you prefer rope drives to belts'? 

Note. — About 40 per cent, additional power can be obtained 
by running one belt upon the top of another. 

16. Describe two different types of primary cells. 

17. Give some advantages of electric signalling. Describe the 
apparatus required for electric signalling. 

18. Sketch and describe the high-tension and the low-tension 
systems of electric blasting. What are the advantages of shot-firing 
by electricity *? 

19. A Waddle fan gives 60,000 cubic feet of air at 2 inches 
water-gauge. An electric motor is to be substituted for the 
steam-engine driving the fan. What horse-power of motor would be 
required *? How would the power be applied % 

Note, — Horse-power of motor may be found as follows : — 

60,000 X 2 X 5-2 

— — OQ c^c^ry = H.r. in the air. 
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Then take efficiency of fan to be 0*75, and efficiency of motor 
and gearing, say, 0*65, and proceed as follows : — 

H.P. in the air . , tt t^ r - -, 

~h n^ — ?\~£fn ~ = Actual H.P. of motor required. 
0-75 X 0-65 ^ 

Adopt a motor-speed of, say, 480 revolutions per minute, and 
then, with the fan running at 80 revolutions per minute, the power 
may be transmitted from the armature pulley to the driving wheel 
on the fan shaft by means of a belt, with no gearing whatever. 
The ratio of the diameters of the motor pulley and the driving 
wheel would be as 480 is to 80 or as 6 is to 1 ; that is, if the motor 
pulley were 1 foot in diameter the driving wheel would be 6 feet. 

20. A motor for driving an endless rope haulage gear runs at 
630 revolutions per minute. The haulage drum is 6 feet in diameter, 
and the speed of the rope 2;^ miles per hour. State in detail how 
you would effect the necessary reduction in speed. 

A^o^e. — The haulage drum is 6 feet in diameter, and therefore in 

22 
one revolution the rope travels 6x— = say 19 feet. The speed of 

21 X 5280 
the rope per minute is — —n7r- — = 198 feet nearly, so that the drum 

198 
must revolve — ^-^say 10 J times per minute. The speed of the 

motor being 630, the ratio is --— - = 60 to 1. This reduction may be 

effected, solely by spur gearing, as follows : Diameter of motor 
pinion, 1 foot ; diameter of first spur wheel, 3 feet ; diameter of second 
pinion, 1 foot ; diameter of second spur wheel, 4 feet ; diameter of 
third pinion, 1 foot ; diameter of third spur wheel, 5 feet. The first 
reduction could, however, be satisfactorily made by means of belt 
drive, if space permit. 

21. Suppose you were asked to report upon the efficiency, 
economy, and safety of electric power as applied to haulage, pumping, 
and coal-cutting, how would you proceed 1 

22. Give some of the advantages and disadvantages of electric 
drills. Give a short description of one of the best of these. 

23. Give some account of the system of working an electrical 
underground coal-conveyor in conjunction with a coal-cutter. On a 
longwall face of 100 yards in length how many men would you 
employ, and how much coal would you expect to be able to deal with 
on the conveyor system 1 

24. What type of electric cable is most generally adopted for 
mines 1 How is it insulated and protected "? 

25. Give your opinion as to the average cost of producing 
electricity at a colliery. 
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26. What are the advantages of electric lighting in collieries'? 
Give a short description of the incandescent and the arc lamps. 

27. Describe the insulation test for cables. 

28. Describe the Siemens -Ilgner system of electric winding. 
Has it ever been applied in this country? 

29. What are the advantages to be gained in firing shots by 
electricity 1 Describe the series and parallel systems of firing shots 
in groups. Under what circumstances may shots be fired with 
current taken from lighting or power mains? 

30. Give some account of an electric locomotive suitable for 
working on an underground level plane. Has electric locomotive 
traction ever been attempted on steep grades 1 If so, give an account 
of the system. 

31. What are the advantages and disadvantages of electric safety 
lamps 1 Describe any form of lamp with which you are acquainted. 

32. In what manner do alternating currents differ from con- 
tinuous ? What is your opinion as to the relative advantages of the 
two systems 1 

33. Sketch and describe the three types of dynamos or motors, 
namely, series, shunt, and compound. 

34. Define period, frequency, E.M.F., back E.M.F. and Lag 
and Lead. 

35. What determines the resistance of an electric circuit? 

36. An electrical installation is to be put down at a certain 
colliery. The continuous current djniamo is to have an output of 
75 kilowatts, and the prime mover is a compound horizontal steam- 
engine. The distance from the surface generator to the motor 
underground is 1200 yards. Two single 19/18 cables are used. The 
cables are bitumen-insulated and armoured. The underground motor 
is of 60 B.H.P. Give a rough estimate of the probable cost of 
(a) the steam-engine, (b) the dynamo, (c) the cables, and (d) the motor. 

If the buildings, concrete foundations, and other masonry work 
cost a third of the aggregate of the above four items, what will be 
the total outlay? 
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Accumulator, 11. 
charging and maintenance of, 15. 
Chloride, 13. 
Edison, 14. 
efficieucy of, 14. 
E.P.S., 12. 
Hart, 12. 
Headland, 13. 
Accumulator batteries, connections for 

charging, 16. 
Air-compressors, motor-driven, 270, 
273. 
Rea veil," 271-273. 
Alternating current, 22. 
arc lamps, 116. 

economy coils for, 117. 
generators, 24, 256, 258. 
single-phase, 26. 
three-phase, 27. 
two-phase, 26. 
motors, 29. 

polyphase, 30, 31. 
single-phase, 29. 
polyphase, 27. 
Ammeter, 55. 
Ampere, 6. 
Amplitude, 23. 
Arc lamps, 115. 

mechanism of, 116. 
Areas of conductors, calculation of, 
70, 71. 
continuous and single-phase alternat- 
ing cuiTents, 71. 
three-phase, 71. 
two-phase, 71. 
Areas of neutral conductors in various 

systems, 61. 
Armature, 21: 

Armoured cables, 76, 253, 294. 
Asphalt system of troughing, 86. 
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Bar machine at work, 158. 

Batteries, accumulator, 15, 16. 

Battery house, 15. 

Bellis & Morcom engines, 94. 

Bells, signal, 274. 

Belting, transmission of power by, 

98. 
Benardos system of electric welding, 

277. 
Blackett conveyor, 244. 

at Newburgh Colliery, 248. 
Blasting by electricity, 261. 

advantages of, 262. 

from power or lighting mains, 
266. 

high-tension system, 263. 

low- tension system, 262. 

parallel system, 263. 

series system, 263. 
Blow-out, magnetic, 61. 
Board of Trade unit, 7. 
Boilers, steam, 122. 

Cornish, 122. 

Galloway, 122. 

horse-power of, 122. 

Lancashire, 122. 

water tube, 122. 
Brake horse-^wwer, 96. 
Breast coal-cutters, 167. 

Goodman, 171. 

Jeffrey, 167. 
British standard wire gauge, 70. 
Brushes, 21. 

sparking at, 297. 

Cables, 66. 
armoured, 253, 294. 

advantages of, 294. 

objections to, 294. 
clip or suspender, 82. 
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Cables, coucentric, 77. 

cost of, 126. 

current density in, 72. 

forniulse for estimating size of, 71. 

insulation of, 76. 

jointing of, in shafts, 80. 

loss of pressure in, 72. 

losses in, 133. 

method of cleating, to shaft girders, 
79. 

method of su8i>ending, from top of 
shaft, 80. 

seven-core, 78. 

short-circuiring in, 294. 

single-core, 77. 

size of, 69. 

suspension of, in roadways, 80. 
in shafts, 78. 

thi-ee-core, 77. 

trailing, 178. 

twin, 77. 

types of, 77. 

wii*e armouring on, 294. 
advantages of, 294. 
disadvantages of, 294. 
Care of electrical plant, 37. 
Carporous cell, 9. 
Cells, carporous, 9. 

charging, 15. 

Chloride, 13. 

connections for charging, 15, 16. 

dry, 10. 

Edison, 14. 

E.P.S., 12. 

Hart, 12. 

Headland, 13. 

Leclanch^, 8. 

Obach, 10. 

l»rimary, 8. 

secondary, 11. 
Centrifugal pumps, 223, 258. 
Chemical geueratiou of electricity, 3. 
Chloride accumulator, 13. 
Circuit-breakers, 50. 
Coal consumption in steam-engines, 98. 
Coal-cutter, Anderson-Boyes, 160. 
chain, 168. 
disc, 160-162. 

chain type, 166. 

Clarke & Stevenson, 166. 

Crescent, 163. 

Diamond chain, 168. 
disc, 159-161. 

disc type, 159. 

Goodman longwall, 166. 
chain breast, 171. 

Hurd, 156. 



Coal-cutter, Jeffrey chain breast, 1 67. 
disc, 165. 
shearing, 171. 

King, 166. 

Morgan-Gardner pick, 152. 

"Pickquick,"153. 
reciprocating gear, 156. 

Stanley heading machine, 173. 
Coal-cutter motors, 179. 

connections for direct current, 
157. 
Coal-cutters, chain type, 166. 

disc type, 159. 

Hurd bar, working results of, 149. 

pick machines, 152. 

**Pickquick," working results of, 148. 

revolving bar machines, 153. 

sections of seams worked by, 148, 
149. 

types of electric, 151. 
Coal-cutting by electrical machinery, 
136. 

advantages of, 136. 

conditions best suited to, 139. 

objections to, 137. 
Coal-cutting machines, care and 
management of, 178. 

cost of, 180. 

cost of electric driving of, 174. 

haulage arrangements for, 175. 

power consumed by, 174. 

power truck for, 173. 

rules for drivers of, 179. 
Coils, choking, 116. 

economy, 117. 
Coke oven gas, utilisation of, 90. 
Colliery installations, 251. 
Commutator, 21. 

safety, 298. 
Compound-wound dynamo, 19. 
Compressed air, 281. 

compound compression, 283. 

cooling processes, 282. 

efficiency of, 282. 

iVictional losses, 283. 

heating during compression, 282. 

loss by clearance, 283. 
Compressed air and electricity com- 
pared, 286. 
Compressors, advantages of motor- 
driven, 273, 275, 283. 

Reavell, 271. 
Conductivity of various metals, 67. 
Conductors, 5. 

areas of neutral, 71. 

details of copper, 73. 

various electrical, 66. 
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Continuous current dynamos, 17. 
Converters, rotary, 37. 
Conveyors, underground, 244. 

advantages of, 244-246. 

Blackett, 244-250. 

construction of, 246-248. 

Kimbleswortli Colliery, 249. 

Newburgh Colliery, 248. 
Corliss engine, 90. 
Cornish boiler, 122. 
Cost of cables, 126. 

coal-cutting machines, 180. 

dynamos, 125. 

engines, 123. 

lamps, 127. 

steam boilers, 122. 

transformers, 125. 

turbines, 123, 124. 
Coulomb, 6. 
Cranes, electric, 276. 
Creeper belts, motor-driven, 191. 
Current, alternating, 22. 

continuous, 3, 22. 

density, 72. 
Curtis turbine, 104. 
Cut-outs, automatic, 53. 

excess current, 53. 
non-return cunent, 53. 

minimum current, 53. 
Cycle, 22. 

Dangers from lire, 293. 

of electricity in fiery mines, 296. 

of high-pressure cutrent, 290. 

of-spfksking at.thc face, 299. 

of the electric current, 288. 
De Laval steam turbine, 103. 
Detonators, electric, 264. 

Nobel's, 265. 
Diamond chain coal-cutter, 168. 

disc coal-cutter, 159. 

performance of, 131. 
Diesel oil-engine, 108. 
Direct current dynamos, 17. 

motors, 28. 
Disc coal-cutters, 159. 
Distribution, economy of high pressure, 

66, 76. 
Distribution of electric power, 63. 

monocyclic system, 65. 

parallel system, 64. 

series system, 63. 

three-phase system, 65. 

three-wire parallel system, 65. 

two-phase system, 65. 

two-wire parallel system, 65. 
Division of labour, 150. 



Drills, electric, 236. 

advantages of, 235. 

Corlett, 238. 

Crescent, 241. 

Jeffrey, 236. 

Marvin -Sandycroft, 242. 

percussive, 242-245. 

rotary, 236-242. 

Siemens', 244. 

Waterhouse, 237. 
Dry cells, 10. 

G.£.C., 11. 

Obach, 10. 
Dynamo, 17. 

alternating current, 24. 

compound, 19. 

continuous current, 17. 

series, 18. 

shunt, 18. 

simple, 18. 
Dynamometer, 196. 
Dynamos, cost of, 125. 

earthing of, 38. 

power of engine for direct-coupled, 
97. 



Earthing of dvnanios and motors, 

38. 
Economy coils in arc lamps, 117. . 
Economy of high tension, 66. 
Efficiency, commercial, 21. 
electrical, 21. 
mechanical, 21. 
of accumulators, 14. 
of dynamos, 125. 
of engines, 123. 
of motors, 125. 
Electric blasting, 261. 

high-tension system, 263. 

low-tension svsteni, 262. 
cables, 66. 
current, fluid theory, 2. 

molecular theory, 2. 
drills, 236. 
haulage, 181. 
lighting, 114-127. 

advantages, 114. 

arc lamps, 115. 

disadvantages, 115. 

filament lamps, 119. 

Nernst lamp, 119. 

Osmium lamp, 120. 

Tantalum lamp, 120. 
locomotives, 207. 
plants, cost of installing, 128. 
power, 7. 
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Electric pumping installations, 218, 
226, 232, 234. 
pumps, centrifugal, 223, 258. 
three-ram, 217. 
turbine, 224, 229. 
quantity, 6. 
safety lamps, 267. 
Headland, 268. 
Shamrock, 268. 
Sussman, 268. 
shock, 289. 

treatment for, 291. 
signalling, 273. 
welding, 277. 
winding, 194. 

Ilgner system, 199. 
Peebles- Ilgner system, 204. 
Siemens-Ilgner system, 200. 
Westinghouse system, 195. 
winding plant, Axwell Park Col- 
liery, 203 ; Tarbrax, 205. 
wiring. Simplex system of, 86. 
systems of, 63. 
Electrical capacity, 6. 
conductors, 5, 69. 
conductivity of, 67. 
resistance of, 69. 
tensile strength, 68. 
energy, 6. 
equipment of colliery workshops, 

275. 
horse -power, 7. 
inductance, 7. 
measuring instruments, 53. 
plant, care of, 37. 
units, 6, 7. 
Electricity, cost of producing, 129. 

dangers of, in mines, 288-300. 
Electro-magnetism, 5. 
Electro-motive force, 6. 
Electro- motors, 27. 

alternating current, 29. 
single-phase, 29. 
three-phase, 30, 258. 
direct current, 28. 
compound, 29. 
series, 28. 
shunt, 29. 
enclosed, 32. 
semi-enclosed, 32. 
E.M.F., back, 28. 
Endless rope haulage gears, 182, 184, 

253. 
Energy or work, electric, 6. 
Engines, Bellis, 94. 
Browett's vertical, 252. 
compound, 123. 



Engines, condensing, 123. 

Corliss, 90. 

coupled, 123. 

Diesel oil, 108. 

gas, 106, 124. 

high-speed, 92, 123. 

Robey compound condensing, 132. 

trip gear, 92. 

triple-expansion, 94, 97, 123. 
Engines, steam, coal consumption in, 
97. 
steam consumption, 98. 
E.P.S., accumulator, 12. 
Exploders, dynamo-electric, 266. 

magneto, 265. 

primary battery, 265. 

Fans, electric, 260. 

advantages of, 260. 

"Sirocco," 261. 
Farad, 6. 

Fault, locating a, 59. 
Field-magnet coils, 18-21. 
Field, magnetic, 17. 

magnets, 18. 
Filament in incandescent lamps, 118. 
Fillingcoal cut by electric machine, 150. 
Firedamp, percentage necessary to 
render atmosphere explosive, 
296. 
Fluid theory of electric current, 2. 
Force, electro-motive, 6. 

lines of, 5, 18. 
Friction of water in pipes, 231. 
Fuses and cut-outs, 52, 295. 
Fusing currents, 52. 

Galloway boiler, 122. 
Gas-driven electric plant, cost of, 127. 
Gas-engine power .station, Anna Col- 
liery, 90. 
Gas-engines, 106, 124. 

Premier, 106. 
Gas-power plant, cost of working, 134. 
Gas-tight motors, 32, 298. 
Gate-end panels, 175. 
Gate-end switch aud fuse box, Cal- 

lender's, 176. 
Gauge, standard wire, 70. 
Gearing, 220, 303. 

helical, 220. 

spur, 220, 303. 

worm, 220. 
Generation of electricity by chemical 

action, 3. 
Generator, alternating current, 24. 

continuous current, 17, 251. 
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Generator, single-phase, 26. 

three-phase, 27, 256, 258. 

two-phase, 26. 
Generator-house, 293. 
Generators, cost of, 124, 125. 

double current, 37, 252. 
Goodman coal-cutters, 166, 171. 
Gutermuth pump valves, 222. 

Hammer, ^wieuniatic, electrically- 
driven, 276. 
Hart accumulator, 12. 
Haulage, electric, 181. 
advantages of, 181. 
endless chain, 189. 
endless rope, 182. 

H.P. of motor for, 182-184. 
gears, portable, 190. 
locomotive, 207. 
main-and-tail, 182. 

H.P. of motor for, 186. 
motors, 32. 

starting switches for, 192. 
plants, pol3'phase, 193. 
single rope, 188. 
Headland accumulator, 13. 
Henry, 7. 

High tension, economy of, 66. 
Holing in stone and in coal, relative 

advantages of, 145. 
Horse-po>ver, brake, 96. 
electrical, 7. 
indicated, 96. 
Hulton Colliery, motor-driven fans at, 
261. 
turbo-generating plant at, 135. 
Hydraulic transmission of power, 285. 

Incandescent lamps, 117, 295. 

heat given off by, 295. 
Indicated horse-power, 96. 
Indicator diagram, high pressure, 94. 

low pressure, 94. 

steam-engine, 94. 
Induction motors, 65, 66. 
Installations, alternating current, 255. 

Bradford Colliery, 251. 

Cambrian Collieries, 255. 

colliery electrical, 251. 

continuous current, 251. 

electrical pumping, 232-234. 
Instruments, measuring, 53. 
Insulation of cables, 76. 

protecting the, 76. 

tests, 60, 62. 
Insulators, 5. 

roller, 81, 82. 



Joint-boxes, 82. 

disconnecting, 84, 85. 

for single conductor cables, 83. 
Jointing of cables in shafts, 80. 
Joule, 6. 

Kilowatt, 7. 

Kimblesworth Colliery, conveyors at, 
249. 

Lag, 23. 

Lamp fittings, 87. 

Lamps, arc, 115. 

efficiency of electric, 119. 

enclosed arc, 117. 

Excello flame arc, 117. 

incandescent, 117, 295. 

Nernst, 119. 

open arc, 116. 

Osmium, 120. 

Tantalum, 120. 
Lamps, safety, electric, 267. 

advantages and disadvantages, 267, 
268. 

Headland, 268. 

Shamrock, 268. 

Sussman, 268. 
Lamps, safety, oil, electric lighting of, 
268. 

high-tension system, 269. 

low-tension system, 269. 
Lancashire boiler, 122. 
Law, Ohm's, 8. 
Lead, 23. 

Leakage indicator, 57. 
Leclanch^. cell, 8. 
Lighting by electricity, 114, 127. 

of oil safety lamps, 268. 
Lightning arrester, 63. 

conductors, 62. 
Lines of magnetic force, 5. 
Locomotives, electric, 207. 

advantages, 207. 

disadvantages, 208. 

gathering, 212. 

Goodman, 213. 

Jeffrey, 213. 

Mather & Piatt's, 213, 214. 

storage battery, 214. 
Locomotive haulage, rack rail system, 
209. 

trolley wire system, 208. 
Locomotive traction at Duddingston 

Mine, 207. 
Longwall coal-cutter, haulage arrange- 
ments for, 175. 
Loss of pressure in cables, 72. 
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Machine face, direction and length 

of, 147. 
Machine- holing, comparative costs of, 

146. 
Machincmen, 150. 
Machine-raining, costs of, 147. 
Magnetic blow-out, 51. 
Magnetic force, lines of, 5. 
Magnetic separation of minerals, 275. 
Magnetism, 4. 

electro-, 6. 
Magneto exploders, 265. 
Magnets, bar, 4. 

electro, 5. 

jiermancnt, 4. 
Marshall's trip gear engine, 92, 93. 
Mather & Piatt's turbine pump, 224. 
Measurement, units of, 6. 
Measuring instniments, 53. 
Megger, 60. 
Megohm, 7. 
Mesh connections for three-phase 

generators, 65. 
Meters, electricity, 56. 
Microfarad, 7. 
Microhm, 7. 
Milliampere, 7. 
Millivolt, 7. 

Molecular theory of electric current, 2. 
Motor and steam driving, comparison 

of, 129. 
Motor-driven centrifugal pumps, 223. 

creeper belts, 191. 

turbine pumps, 223. 
Motor efficiencies, 125, 133. 
Motor generator, 34, 252. 
Motor-houses, fireproof, 295. 
Motors, alternating current, 29. 

coal-cutter, 31, 180. 

compound- wound, 29. 

continuous current, 28. 

cost of, 125. 

direct current, 28. 

enclosed, 32. 

for haulage and pumping, 32, 182, 
228. 

induction, 65. 

Lundell direct current, 29. 

polyphase, 30. 

reversing direct current, 29. 

reversing polyphase, 31. 

semi-enclosed, 32. 

series-wound, 28. 

shunt-wound, 29. 

single-phase, 29. 

six-pole direct current, 254, 255. 

three-phase, 30, 258. 



Nernst lamp, 119. 

Newburgh Colliery, Blackett conveyor 

at, 248. 
Nobel's electric detonator, 265. 

Obach cell, 10. 
Ohm, 6. 
Ohmer, 60. 
Ohmmeter, 57. 
Ohni's Law, 8. 

Oil-engines, 108, 110, 124, 285. 
Diesel, 108-110. 

Panel connections, 43. 
Panels, gate-end, 175. 
Parallel system of wiring, 64. 

three-wire, 65. 
Parsons' steam turbine, 100-103. 
Parton Collieries, shaft cables at, 79. 
Pelton wheel, 111, 113. 
Period, 22. 
I Periodicity, 22. 
Phase difference, 23. 
Polyphase haulage plants, 193. 
Power, electric, 7, 286. 
steam, 280, 281. 
water, 110. 
Power factor, 71. 
Power of engine for direct-coupled 

dynamo, 97. 
Power station at Cambrian Colliery, 

plan of, 257. 
Premier gas-engine, 108. 
Pressure, definitions of, 66. 
economy of high, 66. 
loss of, in cables, 72. 
Primary cells, 8. 
Carporous, 9. 
Leclanch^, 8. 
pbach, 10. 
Prime movers, compai'ison of various, 

89. 
Pumping, electric, advantages and 
disadvantages of, 215, 216. 
installations, 218, 226, 232, 234. 
Pumps, action of three-throw ram, 
217, 218. 
centrifugal, 223, 258. 
formulae relating to, 227. 
in series, 226. 
dimensions of, 218, 233. 
dook, 228, 229. 
reduction gearing for, 220. 
Riedler, 221. 
sinking, 229, 231, 234. 
Sandycroft, 229, 230. 
turbine, 229, 231, 234. 
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Pumps, situation of, 227. 
speed of, 220. 
tliree-throw ram, 216, 219, 232. 

formulae relating to, 219, 220. 
types of electrically-driven, 216. 
turbine, 224, 226, 234. 

Mather & Piatt's, 226. 

Questions for students, 301-304. 

Rateau steam turbine, 105. 
Reavell air-compressor, 273-275. 
Resistance of the human body, 290. 
of various electrical conductors, 
67-69. 
Riedler pump, 221. 

valve gear, 222. 
Rods, transmission of power by means 

of, 284. 
Roof, control of, in machine mining, 

140. 
Ropes, transmitting power by means 

of, 98, 99. 
Rotary converters, 37. 
electric drills, 236-242. 
Coi-lett, 238-241. 
Crescent, 241. 
Jeffrey, 236. 
Waterhouse, 237. 
Rotor, 30, 256-258. 
Running dynamos in parallel, 39. 
in series, 39. 

Safety lamps, electric, 267. 

advantages and disadvantages of, 
267. 

Headland, 268. 

Sliamrock, 268. 

Sussman, 268. 
Safety lamps, oil, electric lighting of, 
268. 

high-tension system, 269. 

low- tension system, 269. 
Sandycroft sinking pump, 229. 
Scott & Mountain turbine pump, 229, 

234. 
Secondary cells, 11. 

Chloride, 13. 

Edison, 14. 

£.P.S. , 12. 

Hart, 12. 

Headland, 13. 
Self-induction, 7. 

Separating machine, Sandycroft, 275. 
Separation of minerals, magnetic, 275. 
Series- wound dynamo, 18. 

motor. 28. 



Shafts, jointing of cables in, 80. 

suspension of cables in, 78. 
Shock, electric, 289. 

current required to produce, 290. 
effects of, 289, 290. 
treatment for, 291, 292. 
Short-circuiting in cables, 294. 
Shot-firing by electricity, 261. 
advantages of, 261, 262. 
from power or lighting mains, 266. 
high-tension system, 263. 
low- tension system, 262. 
parallel arrangement, 264. 
precautions, 267. 
series arrangement, 263. 
I Shunt- wound dynamo, 18. 
motor, 29. 
Signalling, electric, 273-275. 
advantages of, 273. 
method of arranging, 275. 
relays, 274. 
single-stroke bell, 274. 
Simplex system of wiring, 86. 
Single-phase alternating current, 22,26. 
generators, 26. 
motors, 29. 
Sinking pumps, electric, 229, 234. 
Solid system or troughing, 84. 
Sparking at face, dangers of, 299. 
at brushes, 297, 298. 
at switches, 297. 
Specific gravity of conductors, 67, 68. 

resistance, 67-69. 
Speed of pumps, 220. 
Spur gearing, 220. 
Standard wire gauge, British, 70. 
Stanley heading machine, 173. 
Star connections for three-phase gener- 
ators, 65. 
Starter, motor, 51. 

no voltage release, 51. 
Static transformers, 34. 
Stator, 30, 256, 258. 
Steam and electricity, comparative 

costs of, 130. 
Steam consumption, 98. 
Steam-engine indicator, 94. 
engines, 90-108. 

Browett's vertical, 252. 
coal consumption in, 97. 
condensing, 123. 
Corliss, 90. 
coupled, 123. 
high-speed, 92, 123. 
Robey, 132. 
trip-gear, 92. 
triple-expansion, 94, 123. 
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Steam transmission, 280. 

advantages of, 280. 

loss tlirough condensation in, 280. 

objections to, 281. 
Steam turbines, 97, 99. 

Curtis, 104. 

De Laval, 103. 

Parsons', 100. 

Bateau, 105. 
Stowers, 150. 

Surface air-compressing plant, 269. 
Switchboards, 40, 252, 258. 

underground, 44, 45. 
Switch-box, Callender's, 176. 
Switches, 44. 

double-pole main, 46. 

enclosea, 46. 

knife, 44. 

oil, 47. 

sparking at, 297. 

starting, 48, 192. 

tumbler, 47. 

water, 48. 
Sylvester's method of resuscitation, 

291. 
Systems of electrical distribution, 63. 

monocyclic, 65. 

series, 64. 

three-phase, 65, 

three-wire parallel, 65. 

two-phase, 65. 

two-wire parallel, 64. 

Tail rope haulage sets, 254. 
Telephones, 269. 

advantages of, in mining, 270. 
Tensile strength, etc., of electrical 

conductors, 68. 
Testing insulation, 60. 
Tests of electrical plants, 129, 131, 

132, 135, 205. 
Three-phase alternating current, 27, 

65. 
Three-phase generators, 27, 256, 258. 

mesh connections for, 65. 

star connections, 65, 256. 
Three-phase system of wiring, 65. 
Three-wire parallel system, 65. 
Timbermen, 150. 
Time-lags, 51. 
Torque of motors, 28. 
Trailing cables, 178. 
Transformers, 34. 

cost of, 125. 

losses in, 37. 

rotary, 34. 

static, 34. 



Transmission of i)ower by belts, 98. 

compressed air, 281 . 

electricity, 286. 

gas and oil, 285. 

hydraulic power, 285. 

rods, 284. 

ropes, 99. 

steam, 280. 

wire ropes, 284. 
Trolley wire system of electric traction, 

208. 
Troughing cables, 84. 

Howard asphalt system, 86. 

solid system, 84. 
Troughs, cast-ii*on, 86. 

wood, 86. 
method of jointing, 86. 
Tumbler switch, 47. 
Turbine electric plant, cost of, 127. 
Turbine pumps, motor-driven, 224. 

sinking, 229, 231, 234. 
Turbines, steam, 99. 

Curtis, 104. 

De Laval, 103. 

Parsons', 100. 

Bateau, 105. 

water, 110. 
Turbo-alternators, 132. 

tests of, 132. 
Turbo-generating plant, costs of work- 
ing, 135. 
Two-phase system of wiring, 65. 
Types of motors, 28. 
Typical colliery installations, 251. 

Undercut, deep, advantages of, 145. 

depth of, 143. 

position of, 141. 

shallow, advantages of, 141. 
Undergi*ound switchboards, 44. 

connections for, 45. 
Unit, Board of Trade, 7. 
Units of measurement, 6. 

Ampere, 6. 

Coulomb, 6. 

Farad, 6. 

Henry, 7. 

Joule, 6. 

Ohm, 6. 

Volt, 6. 

Watt, 7. 

derived, 7. 

Valve gear, Biedler, 222. 
Valves, Gutermuth, 222. 
Ventilators, motor-driven, 26. 
Volt, 6. 
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Voltage drop in cables, 72. 
Voltmeter, 53. 

hot-wire, 53. 

moving coil, 54. 



moving iron, 



54. 



Vortex water turbines, 110. 



Water tube boiler, 122. 

Water turbines, 110. 

Water wheel, Pelton, 111, 113. 

Watt, 7. 

"Wattmeter, 55. 

Welding, electric, 277, 278. 

Arc or Benardos system, 277. 

Deflected ai-c system, 277. 

Thomson system, 278. 
AVellsgreen Collieiy, motor-driven 

pumps at, 218, 226. 
Winding, electrical, 194. 

systems of, 195. 



Winding, systems of, Ilgner, 199. 
Peebles- Ilgner, 204. 
Rheostatic control, 205. 
Siemens-Ilgner, 200-203. 
use of rotary converter in, 196. 
Westinghouse, 195-199. 
W^inding plant, electrical, Axwell Park 
Colliery, 203. 
cost of, 206. 
test of Tarbrax, 205. 
Wire gauge, standard, 70. 
Wiring, 87. 
systems of, 63-65. 
monocyclic, 65. 
parallel, 64. 
series, 63. 
three-phase, 65. 
three-wire, 65. 
two-phase, 65. 
four-wire, 65. 
three-wire, 65. 
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Respiratory Apparatus The Fleuss Respira- 
tory Apparatus. The Improved VValcher- 
Gartner Pneumatophor : {a) The Single Bottle 
Apparatus, Instructions for Using the Pneu- 



matophor, Taking to Pieces and Resetting the 
Apparatus ready for Use ; {b) Two , Bottle 
Apparatus (Shamrock Type). The Neupert 
Rescue Apparatus (The Mayer-Pilar System), 
—v. Extinguisliing Pit Fires : (a) Chemi- 
cal Means ; {b) Extinction with Water, Drag- 
ging Down the Burning Masses and Packing 
with Clay ; {c) Insulating the Seat of the Fire 
by Dams. Dam Building. Dam Work in the 
Fiery Pits of Southern Hungary — {a) Cross- 
dams of Clay ; {b) Masonry Dams, Gallery 
Linings. Wagner's Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of 
a Fire with Dams : Working in Irrespirable 
Gases ("Gas-diving"): i, Air-Lock Work 
(Horizontal Advance) on the Mayer System as 
Pursued at Karwin in 1894 ; 2, Air- Lock Work 
(Horizontal Advance) by the Mauerhofer 
Modified System. Vertical Advance. Mayer 
System. Complete Isolation of the Pit. 
Flooding a Burning Section isolated by means 
of Dams. Wooden Dams : (a) Upright Balk 
Dams ; (b) Horizontal Balk Dams ; (c) Wedge 
Dams. Masonry Dams. Examples of Cylin- 
drical and Dome-shaped Dams. Dam Doors : 
Flooding the Whole Pit. — VI. Rescue 
Stations : {a) Stations above Ground ; {b) 
Underground Rescue Stations. — VII. Spon- 
taneous Ignition of Coal in Bulk.— 
Index. 
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THE CHEMISTRY OP PIGMENTS. By Ernest J. Parry. 
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8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free^ 
10s. lOd. home; lis. Sd. abroad.) 

Contents. 

Introductory. Light — ^White Light — ^The Spectrum — ^The Invisible Spectrum — Normal 
Spectrum — Simple Nature of Pure Spectral Colour — The Recomposition of White Light — 
Primary and Complementary Colours — Coloured Bodies— Absorption Spectra — The Appll-^ 
cation of Pigments. Uses of Pigments: Artistic, Decorative, Protective — Methods of 
Application of Pigments : Pastels and Crayons, Water Colour, Tempera Painting, Fresco, 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass, 
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Bremen Green — Scheele's Green — Emerald Green — Verdigris — Brunswick Green — Non- 
arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory Black — Lamp Black 
— Bistre — Naples Yellow — Arsenic Sfilphides : Orpiment, Realgar — Cadmium Yellow — 
Vandyck Brown — OrgtMlc Plg^ments. Prussian Blue — Natural Lakes — Cochineal — Carmine 
— Oimson — Lac Dye — Scarlet — Madder — Alizarin— Campeachy — Quercitron — Rhamnus — 
Brazil Wood — Alkanet — Santal Wood — Archil — Coal-tar Lakes — Red Lakes — ^Alizarin Com- 
pounds — Orange and Yellow Lakes — Green and Blue Lakes — Indigo— Dragon's Blood — 
Gamboge — Sepia — Indian Yellow. Puree — Bitumen, Asphaltum, Mummy — Index. 

THE MANUFACTURE OF PAINT. A Practical Handbook 
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Smith, B.Sc. Demy 8vo. 200 pp. Sixty Illustrations and One Large 
Diagram. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 
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Chemical Colours — Blues — Grinding Greens— Grinding Reds — Grinding Lakes— Grinding 
Colours in Water — Grinding Colours in Turpentine— The Uses of Paint — ^Testing and Matching 
Paints — Economic Considerations — Index. 

DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 

8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 
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Colours — Lake-forming Bodies for Acid Colours — Lake-forming Bodies* Basic Colours — Lake 
Bases — ^The Principles of Lake Formation — Red Lakes— Orange, Yellow, Green, Blue, Violet 
and Black Lakes — ^The Production of Insoluble Azo Colours in the Form of Pigments — Th* 
General Properties of Lakes Produced from Artificial Colours — Washing, Piltenng and Fin> 
ishing — Matching and Testing Lake Pigments — Index. 
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PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text- book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

Contents. 

Introduction — Physico-chemical Behaviour of Pigments — Raw Materials Employed in 
the Manufosture of Pigments — Assistant Materials— Metallic Compounds — The Manufacture 
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Other Yellow Pigments — Mosaic Gold—Red Mineral Pigments — The Manufacture of Ver- 
milion — Antimony Vermilion — Ferric Oxide Pigments — Other Red Mineral Pigments — PurpU 
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facture of Soot Pigments — Manufacture of Lamp Black — The Manufacture of Soot Black 
'without Chambers — kidian Ink — Enamel Colours — Metallic Pigments — Bronze Pigments — 
Vegetable Bronze Pigments. 

Pigments op Organic Origin — Lakes — Yellow Lakes— Red Lakes — Manufacture of 
Carmine — The Colouring Matter of Lac — Safflowcr or Carthamine Red — Madder and 
its Colouring Matters — Madder Lakes— Manjit (Indian Madder) — Lichen Colouring Matters — 
Red Wood Lakes— The Colouring Matters of Sandal Wood and Other Dye Woods— Blue 
Lakes— Indigo Carmine — The Colouring Matter of Log Wood — Green Lakes — Brown Organic 
Pigments — Sap Colours — Water Colours — Crayons— Confectionery Colours — The Preparation 
of Pigments for Painting — The Examination of Pigments — Examination of Lakes — The 
Testing of Dye-Woods — ^Tne Design of a Colour Works — Commercial Names of Pigments — 
Appendix : Conversion of Metric to English Weights and Measures— Centigrade and Fahrenheit 
Thermometer Scales — Index. 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 

SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. DemySvo. PriccVij.Gd.net. (Post 
free, Ss. home ; 8s. 3d. abroad.) 

Contents. 

Pigments or Colours for Paints, Lithograi)hic and Letterpress Printing Inks, etc.— 
Mixed Paints and Preparations for Paint-making, Painting, Lime-washing, Paperhanging, 
•etc. — Varnishes for Coach-builders, Cabinetmakers, Wood-workers, Metal-workers, Photo- 
graphers, etc. — Soaps for Toilet, Cleansing, Polishing, etc. — Perfumes — Lubricating Greases, 
-Oils, etc. — Cements, Pastes, Glues and Other Adhesive Preparations — Writing, Marking, 
Endorsing and Other Inks — Sealing-wax and Office Requisites — Preparations for the Laundry, 
Kitchen, Stable and General Household Uses — Disinfectant Preparations — Miscellaneous 
Preparations — I ndex. 

OIL COLOURS AND PRINTERS' INKS. By Louis 

Edgar And^s. Translated from the German. 215 pp. Crown 8vo. 
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents- 
Linseed Oil — Poppy Oil — Mechanical Purification of Linseed Oil — Chemical Purification oi 
Linseed Oil — Bleachmg Linseed Oil — Oxidizing Agents for Boiling Linseed Oil — Theory of 
Oil Boiling — Manufacture of Boiled Oil— Adulterations of Boiled Oil — ^'hinese Drying Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Pigment for 
Printers' Black Inks — Substitutes for Lampblack — Machinery for Colour Gnnding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint Mills — Manufacture of 
House Oil Paints — Ship Paints — Luminous Paint — Artists Cclours — Printers' Inks: — 
VEHICLES— Printers' Inks:— PIG MRNTS and MANUFACTURE- Index. 

{See also Writing Inks^ p. ii.) 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Decorators and Painters. 

{See page 28.) 



PAINTS, COLOURS, ETC— continued. 

CASEIN. By Robert Scherbr. Translated from the German 
by Chas. Salter. Demy 8vo. Illustrated. 160 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Casein : Its Origin, Preparation and Properties. Various Methods of Preparlns: 
Casein. Composition and Prooertles of Casein. Casein Paints.—" Marble-Lime '* 
Colour for Outside Work — Casein Enamel Paint — Casein Fafade Paint — Cold-VVater Paint in 
Powder Form — History's Recipe for Casein Paint an J Varnish — Pure Casein Paints for Walls, 
etc. — Casein Paints for Woodwork and Iron — Ca-«ein-Silicate Paints — Milk Paints — Casein- 
Silicate Paint Recipes — Trojel's Boiled Oil Substitute — Cal-omine Wash — Quick- Drying 
Casein Paint — Boiled Oil Substitute — Ring's Cold-W.«ter Paint — Formolactin — Waterproof 
Paint for Playing Cards— Casein Colour Lake -Casein-Ce nent Paint. The Technics of 
Casein Painting^. Casein Adheslves and Putties. — Casein Glue in Plates or Flakes — 
Jeromin's Casein Adhesive — HaH';) Casein Glue — Waterproof Glue — Liquid Casein Glue — 
Casein and Borax Glue — Sjlid Casein Adhesive — Casein Sjlution — Glue Powder — Casein 
Puttie — Washable Cement for Deal Boards — Wenk's Casein Cement — Casein and Lime Cement 
— "Pitch Barm" — Casein Stopping; — Casein Cement for Stone. The Preparation of 
Plastic Masses from Casein. — Imitation Ivory — Anti-Radiation and Anti-Corrosive Com- 
position — Dickmann's Covering for Floors and Walls — Imitation Linoleum — Imitation 
Leather — Imitation Bone — Plastic Mass of Keratin and Casein — Insulating Mass — Plastic 
Casein Masses — Horny Casein .Mass — Plastic Mass from Celluloid — Casein Cellulose Compo- 
sition — Fireproof Cellulose Substitute — Nitrocellulose and Casein Composition — Franquet's 
Celluloid Substitute— Galalith. Uses of Casein in the Textile Industry, for PInlshlns: 
Colour Prlntingf, etc. — Caseogum — " Glutin " — Casein Dressing for Linen and Cotton 
Fabrics — Printing Colour with Metallic Lustre — Process for Softening, Sizing and Loading — 
Fixing Casein and Other Albuminoids on the Fibre — Fixing Insoluble Colouring Matters — 
Waterproofing and Softening Dressing — Casein for Mercerising Crepe — Fixing Zinc White on 
Cotton with Formaldehyde — Casein- Magnesia — Casein Medium for Calico Printing; — Loading 
Silk. Casein Foodstuffs.— Casein Food— Synthetic Milk— Milk Food— Emulsifiable Casein 
— Casein Phosphate for Baking — Making Bread, Low in Carbohydrates, from Flour and Curd 
— Preparing S ^luble Casein Compounds with Citrates — Casein Fojd. Sundry Applications 
of Casein. 

SIMPLE METHODS FOR TESTING PAINTERS* 
MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

IRON - CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Bdoar Andes. Sixty- two Illustrations. 275 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Iron-rust and its Formation — Protection from Rustm^ by Paint — Grounding the Iron with 
Linseed Oil, etc. — ^Testing Paints — Use of Tar for Paintmg on Iron — Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments — Iron Pigments — Artificial Iron Oxides 
— Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms — Anti-fouling Compositions — Various Anti-cor- 
rosive and Ship's Paints — Official Standard Specifications for Ironwork Paints — Index. 

THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU 
FACTURE. By M. W. Jones, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown 8vo. Price 5s. net. 
(Post free, 5s. 3d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OF WHITE LEAD AND ZINC WHITE PAINTS. By 

G. Petit, Civil Engineer, etc. Translated from the French. Crown Svo. 
100 pp. Price 4s. net. (Post free, 4s.. 3d. home ; 4s. 4d. abroad.) 

Contents. 

Chapters I., The Fundamental Principles of Painting in Oil. II., The Different Varieties of 
White Leads — The Dutch Process — Grinding White Lead in Oil. III., Other Processes of 
Manufacturing White Lead. IV., White Lead Substitutes — Sophistication of White Lead — 
Analysis of White Lead. V., White Lead Paints — Their Merits and Defects. VI., Toxi- 
cology of White Lead — Hygienic Measures in its Manufacture and Use. VII., Zinc White — 
Its Preparation. IX., Zinc White Paint and Zinc White Coatings — Their Merits and Defects. 



STUDENTS' HANDBOOK OF PAINTS, COLOURS, OILS 
AND VARNISHES. By John Furnell. Crown 8vo. 1 2 
Illustrations. 96 pp. Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Varnishes and Drying Oils. 

OIL CRUSHING, REFINING AND BOILING, THE 
MANUFACTURE OF LINOLEUM, PRINTING AND 
LITHOGRAPHIC INKS, AND INDIA-RUBBER 
SUBSTITUTES. By John Geddes McIntosh. Being 
Volume I. of the Second, greatly enlarged, English Edition, in three 
Volumes, of •' The Manufacture of Varnishes and Kindred Industries," 
based on and including the work of Ach. Livache. Demy 8vo. 150 pp. 
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home; Ss. 
abroad.) 

VARNISH MATERIALS AND OIL- VARNISH MAKING. 

By J. G. McIntosh. Being Vol. II. of " The Manufacture of Varnishes 
and Kindred Industries". Demy 8vo. 70 Illustrations. 220 pp. 
Price 10s. 6d. net. (Post free, 10s. lOd. home ; lis. 3d. abroad.) 

Contents. 

Chapter I., Introduction. II., Amber and Amber Oil Varnishes. III., Copal, etc. IV., 
Resins— Assorting, Cleaning and Fusing. V., Asphaltum. Coa!-Tar, Pitch, Rubber, etc. VI., 
Oil- Varnish Making— General Instructions. VII., Copal Oil Varnish. VIII., Rosin Oil Varnish 
— Brunswick Black— Super Black Japan. IX., Testing Varnish — Utilisation of Residues. 

DRYING OILS, BOILED OIL AND SOLID AND 

LIQUID DRIERS. By L. E. Andes. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions. Forty-two Illustra- 
tions. 342 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 3d. abroad.; 

Contents. 

Properties of the Drying Oils ; Cause oi the Drying Property ; Absorption of Oxygen ; 
Behaviour towards Metallic Oxides, etc. — The Properties of and Methods for obtaining thj 
Drying Oils — Production of the Drying Oils by Expression and Extraction; Refining and 
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Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. Translated from the German 
of Louis Edgar Andes. Sixty-two Illustrations. . 240 pp. Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; lis. Sd. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition by 
Chas. Salter. 10 Illustrations. Crown 8vo. 170 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home; 8s. abroad.) 

THE OIL MERCHANTS' MANUAL AND OIL TRADE 

READY RECKONER. Compiled by Frank F. Sherriff. 
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904. 
With Two Sheets of Tables. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. 3d. abroad.) 

Contents. 

Trade Terms and Customs — Tables to Ascertain Value of Oil sold per cwt. or ton — Specific 
Gravity Tables — Percentage Tare Tables — Petroleum Tables — Paramne and Benzoline Calcu- 
lations—Customary Drafts — Tables for Calculating Allowance for Dirt, Water, etc. — Capacity 
of Circular Tanks, Tables, etc.. etc. 



VEGETABLE PATS AND OILS : Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. Translated from the German of 
Louis Edgar An Diss. Ninety-four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad ) 

Essential Oils and Perfumes. 

THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. Second Edition, Revised and Enlarged. 552 pp, 
20 Illustrations. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 6d. abroad.) 

Contents. 

Chapter I. The General Properties of Essential Oils. II. Compounds occurrins: in 
Essential Oils : (I.) The Terpenes — Sesquiterpenes — Oleflnic Terpetir s and Sesquiterpenes— 
Pinene— (II.) The Camphor Series — (III.) The Geraniol and Citronellol Group — The Geraniol 
and Citronellol Series — (IV.) Benzene Compounds : Cymene — Phenols and their Derivatives 
— Phenols with Nine Carbon Atoms — Phenols with Ten Carbon Atoms — Alcohols — Aldehydes 
— Ketones — Acids — (V.) Aliphatic Compounds : Alcohols — Acids — Aldehydes — Sulphur Com- 
pounds—Other Bodies. III. The Preparation of Essential Oils : Expression — Distillation 
— Extraction. IV. The Analysis of Essential Oils: Specific Gravity — Optical Methods: 
(1) Refraction (2) Polarimetry, Melting and Solidifying Points — Boiling Point and Distillation 
— Quantitative Estimations of Constituents — Aldehydes, Ketones and Oils on which a Direct 
Determination can be made. V. Systematic Study of the Essential Oils : Oils of the 
Gym-nosperms — (I.) Wood Oils — (II.) Fruit Oils — (III.) Leaf Oils — Oils of the Angiosperms: 
(I.) Monocotyledons: N. O. Gramineae, Geraniol, N. O. Ariodeae, N. O. Liliacese, N. O. Irideae^ 
N. O. Zingiberaceae — (II.) Dicotyledons : (a) Monochlamydeee, N. O. Piperaceae, N. O. 
Cannabinaceae, N. O. Myricaccae, N. O. Salicineae, N. O. Chenopodiaceae, N. O. Laurin«ae» 
N. O. Myristiceae, N. O. Euphorbiaceae, N. O. Cupuliferae, N. O. Santalaceae, N. O. Aristo- 
lochieae — (b) Gafnopetala, N. O. Labiatae, N. O. Verbenaceae, N. O. Convolvulaceae, N. O. 
Jasmineae, N. O. Ericaceae, N. O. Valerianeae, N. O. Compositae, N. O. Caprifoliaceae, Poly- 
petalae, N. O. Umbelliferae, N. O. Myrtaceae, N. O. Rosaceae, N. O. Rutaceae, N. O. Zygophyl- 
leae, N. O. Anacardiaceae, N. O. Leguminosae, N. O. Burseraceae, N. O. Geraniaceae, N. 0> 
Tropseoleae, N. O. Meliaceae, N. O. Cruciferae, N. O. Cistineae, N. O. Magnoliaceae, N. O. 
Resedaceae, N. O. Turneraceae, N. O. Clusiaceae, N. O. Dipterocarpeae, N. O. Ternstroe- 
miaceae, N. O. Malvaceae, N. O. Ranunculaceae, N. O. Anonaceae. VI. Chemistry of 
Artificial Perfumes. Appendix I. Table on Constants of the more important Essential 
Oils. Appendix II. Table of Pharmacopceial Standards. Index. 



Soaps. 



SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By George H. Hurst, F.C.S. 2nd edition. 
390 pp. 66 Illustrations. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 6d. abroad.) 

Contents. 
Introductory— Soap- malcer's Alkalies— Soap Fats and Oils— Perfumes— Water as 
a Soap Material— Soap Machinery— Technology of Soap -making— Glycerine in Soap 
Lyes— Laying out a Soap Factory— Soap Analysis— Appendices. 

TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufacturing, Dyeing and Printing. By George H. Hurst, F.C.S. 
Crown 8vo. 195 pp. 1904. Price 5s. net. (Post free, 5s. 4d. home ; 
5s. 6d. abroad.) * 

THE HANDBOOK OF SOAP MANUFACTURE. By 

Wm. H. Simmons, B.Sc. (Lond.), F.C.S. and H. A. Appleton. Demy 
8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post free> 
8s. lOd. home ; 9s. abroad.) 

Contents. 

Definition of Soap. — Properties — Hydrolysis— Detergent Action. Constitution of Oils 
and Pats, and their Saponification. — Researches of Chevreul and Berthelot — Mixed 
Glycerldes — Modern Theories of Saponification — Hydrolysis accelerated by (1) Heat or 
Electricity, (2) Ferments, Castor-seed Ferment, Steapsin, Emulsin, and (3) Chemical 
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Reagents, Sulphuric Acid, Twitchell's Reagent, Hydrochloric Acid, Lime, Magnesia, Zinc 
Oxide, Soda and Potash. Raw Materials used in Soap-making.— Fatn and Oils — Waste 
Pats— Fatty Acids — Less-known Oils and Fats of Limited Use — Various New Fats and Oils 
Suggested for Soap-making — Rosin — Alkali (Caustic and Carbonated) — Water — alt— Soap- 
stock. Bleaching and Treatment of Raw Materials intended for Soap-making.— 
Palm Oil— Cottonseed Oil— Cottonseed " Foots "—Vegetable Oils— Animal Fats— Bone Fat- 
Rosin. Soap-making* — Classification of Soaps— Direct combination of Fatty Acids with 
Alkali — Cold Process Soaps — Saponification under Increased or Diminished Pressure — Soft 
Soap — Marine Soap— Hydrated Soaps, Smooth and Marbled— Pasting or Saponification — 
Graining Out— Boiling on Strength — Fitting— Curd Soaps — Curd Mottled — Blue and Grey 
Mottled Soaps— Milling Base — Yellow- Household Soaps — Resting of Pans and Settling of 
Soap— Utilisation of Nigres — Transparent S<<aps— Saponifying Mmeral Oil — Electrical Pro- 
duction of Soap. Treatment of Settled Soap. — Cleansing— Crutching — Liquoring of Soaps 
— Filling— Neutralising, Colouring and Perfuming— Disinfectant Soaps — Framing — Slabbing 
—Barring— Open and Close Piling— Drying— Stamping— Cooling. Toilet, Textile and 
Miscellaneous Soaps.— Toilet Soaps— Cold Process Soaps — Settled Boiled Soap— Remelted 
Soaps — Milled Soaps — Drying, Milling and Incorporating Colour, Perfumes, or Medicaments 
— Perfumes — Colouring Matter — Neutrali'oin^ a-'d Super-fatting Material — Compressing — 
Cutting — Stamping — Medicated Soaps — Ether Soap — Floating Soaps — Shaving Soaps — 
Textile Soaps — Soaps for Woollen, Cotton and Silk Industries — Patent Textile Soaps — 
Miscellaneous Soaps. Soap Perfumes. — Essential Oils — Source and Preparation — Properties 
—Artificial and Synthetic Perfume^. Glycerine Manufacture and Purification.— Treat- 
ment of Lyes — Evaporation — Crude Glycerine — Distillation— Distilled and Dynamite 
Glycerine — Chemically Pure Glycerine — Animal Charcoal for Decolorisation — Glycerine 
resultant from other methods of Saponification — Yield of Glycerine from Fats and Oils. 
Analysis of Raw Materials, Soap and Qlycerine.— Fats and Oils— Alkalies and Alkali 
Salts— Essential Oils— Soap— Lyes— Crude Glycerine. Statistics of the Soap Industry. 
Appendix A.— Comparison of Degrees Twaddeil, Beaume and Actual Densities. 
Appendix B.— Comparison of Different Thermometric Scales. Appendix C— Table of 
the Specific Qravities of Solutions of Caustic Soda. Appendix D.— Table of Strength 
of Caustic Potash Solutions at 60° P. index. 

Gosmetical Preparations. 

COSMETICS : MANUFACTURE, EMPLOYMENT 
AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 
from the German of Dr. Theodor Koller. Crown 8vo. 262 pp. 
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Purposes and Uses of, and Ingredients used in the Preparation of Cosmetics — Preparation of 
Perfumes by Pressure, Distillation, Maceration, Absorption or Bnfleurage, and Extraction 
Methods — Chemical and Animal Products used in the Preparation of Cosmetics — Oils and Fats 
used in the Preparation of Cosmetics— General Cosmetic Preparations — Mouth Washes and 
Tooth Pastes — Hair Dyes, Hair Restorers and Depilatories — Cosmetic Adjuncts and 
Specialities — Colouring Cosmetic Prepai*ations — Antiseptic Washes and Soaps— Toilet and 
Hygienic Soaps — Secret Preparations for Skin, Complexion, Teeth, Mouth, etc. — Testing and 
Examining the Materials Employed in the Manufacture of Cosmetics — Index. 

Glue, Bone Products and 

Manures. 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 
(Lond.), F.I.C. Fourteen Engravings. 244 pp. Demy Svo. Price 
10s. 6d. net. (Post free, 10s. lOd. home ; lis. abroad.^ 

Contents. 

Constitution and Properties: DeHnitions and Sources, Gelatine, Chondrin and Allied 
Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties 
—Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari- 
fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics, 
Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Products — Uses 
of Qlue : Selection and Preparation for Use, Carpentry, Veneerinf^, Paper-Making, Book 
binding. Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc.. Substitutes for 
other Materials, Artificial Leather and Caoutchouc — Gelatine : General Characters, Liquid 
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-Gelatine, Artificial Silk, 
Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medicinal and other Uses, 
Bacteriology — Qlue Testing: : Review of Processes, Chemical Examination, Adulteration. 
Physical Tests, Valuation of Raw Materials — Commercial Aspects. 



BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Contents. 

Chemical Composition of Bones — Arrangement of Factory — Properties of Glue — Glutin 
and Chondrin — Skm Glue — Liming of Skins — Washing — Boiling of Skins— Clarification of Glue 
Liquors — Glue-Boiling and Clarifying-House — Specification of a Glue — Size — Uses and Pre- 
paration and Composition of Size — Concentrated Size — Properties of Gelatine — Preparation 
of Skin Gelatine — Drying — Bone Gelatine — Selecting Bones — Crushing — Dissolving — Bleaching 
— Boiling — Properties or Glutin and Chondrin — Testing of Glues and Gelatines — The Uses of 
Glue, Gelatine and Size in Various Trades — Soluble and Liquid Glues — Steam and Waterproof 
Glues — Manures — Importation of Food StulTs — Soils — Germination — Plant Life — Natural 
Manures — Water and Nitrogen in Farmyard iVIanure — Full Analysis of Farmyard Manure 
— Action on Crops — Water-Closet System — Sewage Manure — Green Manures — Artificial 
Manures — Mineral Manures — Nitrogenous Matters — Shoddy — Hoofs and Horns — Leather 
Waste — Dried Meat — Dried Blood — Superphosphates — Composition — Manufacture — Common 
Raw Bones — Degreased Bones — Crude Fat — KeBned Fat — Degelatinised Bones — Animal 
Chareoal — Bone Superphosphates — Guanos — Dried Animal Products— Potash Compounds — 
Sulphate, of Ammonia — Extraction in Zacuo— French and British Gelatines com pared — Index. 

Chemicals, Waste Products and 
Agricultural Cliemistry. 

REISSUE OF CHEMICAL ESSAYS OF C. W. 

SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. Price 5s. net. (Post free, 5s. 6d. home ; 5s. 9d. abroad.) 

Contents. 

Memoir: C. W. Scheele and his work (written for this edition by J. G. Mcintosh) — On 
Fluor Mineral and its Acid — On Fluor Mineral — Chemical Investigation of Fluor Acid, 
with a View to the Earth which it Yields, by Mr. VViegler — Additional Information 
Concerning Fluor Minerals — On Manganese, Magnesium, or Magnesia Vitrariorum — Oa 
Arsenic and its Acid — Remarks upon Salts of Benzoin — On Silex, Clay and Alum — Analysis 
of the Calculus Vesical — Method of Preparing Mercurius Dulcis Via Humida — Cheaper and 
more Convenient Method of Preparing Pulvis Algarothi — Experiments upon Molybdaena 
— Experiments on Plumbago — Method of Preparing a New Green Colour — Of the De- 
composition of Neutral Salts by Unslaked Lime and Iron — On the Quantity of Pure Air which 
is Daily Present in our Atmosphere — On Milk and its Acid — On the Acid of Saccharum Lactis 
— On the Constituent Parts of Lapis Ponderosus or Tungsten — Experiments and Observation'^ 
on Ether — Index. 

THE MANUFACTURE OP ALUM AND THE SUL- 
PHATES AND OTHER SALTS OP ALUMINA AND 

IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195 Illustrations. 400 pp. 
Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 
and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 114 pp. Thirty-two Illustrations. Price5s.net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

General Considerations: Various Sources of Ammoniacal Products; Human Urine 
as a Source of Ammonia— Extraction of Ammoniacal Products from Sewaife— 
Extraction of Ammonia from Qas Liquor— Manufacture of Ammoniacal Com- 
pounds from Bones, Nitros^enous Waste, Beetroot Wasii and Peat— Manufacture of 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate— Recovery 
of Ammonia from the Ammonia- Soda Mother Liquors— index. 
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INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an lUuminant and as a Source of Motive Power. 
By J. G. M'Intosh, Lecturer on Manufacture and Applications of 
Industrial Alcohol at The Polytechnic, Regent Street, London. 
Demy 8vo. 1907. 250 pp. With 75 Illustrations and 25 Tables. 
Price 7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

Contents. 

Alcohol and Its Properties.— Bthylic Alcohol— Absolute Alcohol— Adulterations- 
Properties of Alcohol — Fractional Distillation — I>e8tructive Distillation — Products of Com- 
bustion — Alcoholometry — Proof Spirit — ^Analysis of Alcohol— Table showing; Correspondence 
between the Specific Gravity and Per Cents, of Alcohol over and under Proof— Other 
Alcohol Tables. Continuous Aseptic and Antiseptic Fermentation and Sterilisation 
In Industrial Alcohol Manufacture. The Manufacture of Industrial Alcohol from 
Beets* — Beet Slicing Machines — Extraction of Beet Juice b^ Maceration, by Diffusion — 
Fermentation in Beet Distilleries— Plans of Modern Beet Distillery. Hie Manufacture of 
Industrial Alcohol from Qraln.— Plan of Modern Grain Distillery. The Manufacture of 
Industrial Alcohol from Potatoes. The Manufacture of Industrial Alcohol from 
Surplus Stocks of Wine, Spoilt Wine, Wine Marcs, and from Fruit in General. The Manu^ 
facture of Alcohol from the Sugar Cane and Sugar Cane Molasses — Plans. Plant, etc., 
for the Distillation and Rectification of Industrial Alcohol.— The Caffey and other 
** Patent" Stills— Intermittent versus Continuous Rectification— Continuous Distillation — 
Rectification of Spent Wash. The Manufacture and Uses of Various Alcohol 
Derivatives, Ether, Haloid Ethers, Compound Ethers, Chloroform — Methyl and Amyl 
Alcohols and their Ethereal Salts, Acetone — Barbet's Ether, Methyl Alcohol and Acetone 
Rectifying Stills. The Uses of Alcohol in Manufactures, etc.— List of Industries in 
which Alcohol is used, with Key to Function of Alcohol in each Industry. The Uses of 
Alcohol for Lightint:, Heatingr, and Motive Power. 

ANALYSIS OF RESINS AND BALSAMS. Translated 

from the German of Dr. Karl Dieterich. Demy 8vo. 340 pp. 
Price 7s. 6d. net. (Post free, 78. lOd. home ; 8s. 3d. abroad.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C, Late Lecturer on Agricultural Chemistry, the 
Leeds University ; Lecturer in the Victoria University. Second 
Edition, with additional matter relating to Tropical Agriculture, etc. 
438 pp. 11 Illustrations. Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 6d. abroad.) 

Contents. 

Properties and Characteristics of the Elements.— Hydrogen— Oxygen— Heat of Com- 
bustion — Nitrogen — Carbon — Sulphur — Phosphorous — Potassium — Sodium — Fluorine — 
Magnesium— Iron— Chlorine — Aluminium— Silicon — Borax. The Atmosphere. — Nitrogen — 
Oxygen — Argon— Carbon Dioxide— Ammonia— Nitric Acid— Ozone — Solid Matter. The Soil. 
— ClassiRcation of Rocks— Quartz — Felspar — Mica — Clay — Sandstones — Shales — Limestones 
— Calcareous Rocks — Transported Soils. Formation of Soils. — By Water, Air, Earth 
Worms, Vegetation and Bacteria — Sand — Clay — Limestone — Humus — ClassiRcation of Soils. 
Reactions In Soils. — Diffusion — Gravitation— Nitrification — Soil Gases — Water of the Soil — 
Biology of the Soil — Electrolytic Dissociation Theory — Mass Action. Analysis of Soils. — 
Sampling — Mechanical and Chemical Analyses — Determination of Silica, Alumina, Ferric 
Oxide, Total Potash and Phosphoric Acid, Lime, Magnesia, Calcium Carbonate, Sulphuric 
Acid, Nitrates and Nitrites. Natural Manures.— Improvement of Soils— Farmyard Manure 
— Composition of Animal Excreta — Use of Litter, Straw, Peat, Bracken, Leaves, Sawdust, 
Tanners' Refuse — Fermentation and Preservation of Farmyard Manure. Other Orsiuiic 
Manures. — Guano— Poultry and Fish Manures— Seaweed — Dried Blood— Bones— -Meat 
Guano — Hair — Soot— Oil-cakes. Nltrog^enous Manures. — Sodium Nitrate— Ammonium 
Sulphate— Phosphatic Manufes — Tricalcum Phosphate — Coprolites — Phosphorites — Mineral 
Superphosphates— Basic Slag — Potash Manures— Composition of Principal Potash Salts — 
Various Manures— Common Salt — Gypsum — Limestone— Ferrous Sulphate — Gas Lime — 
Copper Sulphate. Analj^sis of Manures. — Constituents— Determination of Nitrogen — 
Phosphoric Acid— Potassium— Valuation ot Manures from Analysis. Constituents of 
Plants. — Carbohydrates— Sugars— Starch — Dextrin— Glycogen— Inulin— Gums— Cellulose — 
Glucose — Fructose — Cane Sugar — Meletrose — Arabinose — Xylose — Lignose— Pectose — Gly- 
cerol— Waxes —Organic Acids and their Salts. Essential Oils and Resins.— Terpenes — 
Oxygenated Essential Oils— Essential Oils containing Sulphur— Resins. Nitrog^enous Sub- 
stances.— Albuminoids— Amides — Alkaloids — Chlorophyll. The Plant. — Germination — 
Roots — Osmotic Pressure — Leaves — Assimilation — Flowers. Crops. — Cereals — Root Crops 
— Fodder Crops — Hay — Ventilating Stacks — Silage — Composition of Crops. The Animal. — 
Blood— Bones — Fatty Tissue — Muscle — Digestion — Bile— Urine. Poods and Feeding. — 
Composition of Oil-cake— Bye-Products as Foods— Digestibility of Foods— Calorific Value of 
Foods— Feeding Standards— Manurial Value of Foods. Milk and Milk Products.— Fat — 
Albuminoids — Milk Sugar — Chemical Composition of Cow's Milk — Influence of Food, Season 
and Milking Time— Milk Products— Cream— Skimmed Milk— Butter— Butter-milk — Cheeses- 
Condensed Milk— Koumiss— Milk Preservation. Analysis of Milk and Milk Products. — 
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Milk — Amount of Fat — Determination of Total Solids, Specific Gravity, Proteids, Milk Sugar 
— Adulteration of Milk — Detection of Preservatives — Butter — Butter Colouring; — Cheese — 
Milk Standards. Various Products used in Agriculture. — Arsenious Oxide — Bleaching 
Powder — Copper Salts — Disinfectants — Fungicides — Iron Sulphate — Mercuric Chloride — 
Plant Poisons. Appendix. — Atomic Weights — Hydrometer Scales — Metric System- 
Solubilities. Tropical Asrriculture, etc. — Composition of Rain Water — Irrigation Wat^r— 
Earth Worms — Motion of Water in Soil — Analysisof Soils — Green Manurinjt — Kraal Manure 
— Bats' Guano — Artificial Manures — The Plant— Rice — Maize-Millet— Cotton— Flax— Castor 
Seeds — Sunflower— Composition of Various South African Grown Crops — Ash Constituents of 
Foods — Variations in the Composition of Milk — Butter — Fat — Bordeaux Mixture — Insecticides. 

THE UTILISATION OP WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Koller. Translated from the 
Second Revised German Edition. Twenty-two Illustrations. Demy 
8vo. 280 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. 
abroad.) 

Writing Inks and Sealing Waxes. 

INK MANUFACTURE : Including Writing, Copying, Litho- 

graphic. Marking, Stamping, and Laundry Inks. By Sigmund Lehner. 
Three Illustrations. Crown 8vo. 162 pp. Translated from the German 
of the Fifth Edition. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

Varieties of Ink — Writing Inks — Raw Materials of Tannin Inks — The Chemical Constitution 
of the Tannin Inks — Recipes for Tannin Inks — Logwood Tannin Inks — Ferric Inks — Alizarine 
Inks — Extract Inks — Logwood Inks — Copying Inks — Hektographs — Hektograph Inks — Safety 
Inks — Ink Extracts and Powders — Preserving Inks — Changes in Ink and the Restoration of 
Faded Writing — Coloured Inks — Red Inks — Blue Inks — Violet Inks — Yellow Inks— Green 
Inks — Metallic Inks — Indian Ink — Lithographic Inks and Pencils — Ink Pencils — Marking Inks 
— Ink Specialities — Sympathetic Inks — Stamping Inks — Laundry or Washing Blue — Index. 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standage. Crown 
8vo. 96 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents. 

Materials Used for Making Sealing^- Waxes— The Manufacture of Sealing- Waxes — 
Wafers — Notes on the Nature of the Materials Used in Making Adhesive Compounds — Cements 
for Use in the Household — Office Gums, Pastes and Mucilages — Adhesive Compounds for 
Factory and Workshop Use. 

Lead Ores and Compounds. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 3d. abroad.) 

Contents. 

History — Ores of Lead — Geographical Distribution of the Lead Industry — Chemical and 
Physical Properties of Lead — Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
— Smelting of Lead Ores — Smelting in the Scotch or American Ore-hearth — Smelting in the 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilverisation, or the Separation 
of Silver from Argentiferous Lead — Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
—Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — Analysis of Raw and Finished 
Products — Tables — Index. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown Svo. 64 pages. Price Is. net. 
(Post free, Is. 3d. home ; Is. 4d. abroad.) 

{White Lead and Zinc White Paints^ see p. 4.) 
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Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OF VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo. 
Price 78. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust — Trades in which there is Dani;er of Metallic Poisoning — Certain Chemi- 
cal Trades — Some Miscellaneous Occupations — Trades in which Various Poisonous Vapours 
are Inhaled — General Hygienic Considerations — Index. 

Industrial Uses of Air, Steam and 

Water. 

DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. 
abroad.) Contents. 

British and Metric Systems Compared — Centigrade and Fahr. Thermometers — Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo, 
of Air at Different Pressure and Temperatures— Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drymg Apparatus with Heated 
Air, at the Atmospheric Pressure : A , With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus — £, When the 
Atmospheric Air is Completely Saturated be/ore entry, but at its exit is only 3, ^ or ^ Saturated 
— C, When the Atmospheric Air is not Saturated with Moisture before Entenn^ the Drying 
Apparatus — Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere — Drying by Means of Superheated 
Steam, without Air — Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat — Index. 

{See also '* Evaporating^ Condensing and Cooling Apparatus,''* p. 26.) 

PUKE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 

Contents. 

Atmospheric Air; Lifting of Liquids ; Suction Process; Preparing Blown Oils: Preparing 
Siccative Drying Oils — Compressed Air; Whitewash — Liquid Air; Retrocession — Purification 
uf Water; Water Hardness — Fleshings and Bones — Ozonised Air in the Bleaching and De- 
odorising of Fats, Glues, etc. ; Bleaching Textile Fibres— Appendix: Air and Gases; Pressure 
of Air at Various Temperatures; Fuel; Table of Combustibles; Saving of Fuel by Heating 
Feed Water; Table of Solubilities of Scale Makin.c Minerals; British Thermal Units Tables : 
Volume of the Flow of Steam into the Atmosphere : Temperature of Steam — Index. 

THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION — EPPECTS-^TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIPICATION— ANALYSIS. 

By H. DE LA Coux. Royal 8vo. Translated from the French and 
Revised by Arthur Morris. 3S4 pp. 135 Illustrations. Price lOs. 6d. 
net. (Post free, lis. home; Us. 6d. abroad.) 

Contents. 

Chemical Action of Water in Nature and in Industrial Use — Composition of Waters — 
Solubility of Certain Salts in Water Considered from the Industrial Point of View — Effects on 
the Boiling of Water — Effects of Water in the Industries — Difficulties with Water — Feed 
Water for Boilers — Water in Dyeworks, Print Works, and Bleach Works — Water in the 
Textile Industries and in Conditioning — Water in Soap Works — Water in Laundries and 
Washhouses — Water in Tanning — Water in Preparing Tannin and Dyewood Extracts — Water 
in Papermaking — Water in Photography — Water in Sugar Refining — Water in Making Ices 
and Beverages — Water in Cider Making — Water in Brewing — Water in Distilling — Preliminary 
Treatment and Apparatus — Substances Used for Preliminary Chemical Purification — Com- 
mercial Specialities and their Employment — Precipitation of Matters in Suspension in Water 
— Apparatus for the Preliminary Chemical Purification of Water — Industrial Filters — Indua- 
trial Sterilisation of Water — Residuary Waters and their Purification — Soil Filtration — 
Purification by Chemical Processes — Analyses — Index. 

{See Books on Smoke Prevention, Engineering and Metallurgy ^ p. 26, etc.) 
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X Rays. 



PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. . Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Historical — Work leading up to the Discovery of the X Rays — The Discovery— Appara- 
tus and its Management — Electrical Terms — Sources of Electricity — Induction Coils — 
Electrostatic Machines — Tubes — Air Pumps — Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens — Practical X Ray Woric — Installations — Radioscopy — Radiography — 
X Rays in Dentistry — X Rays in Chemistry — X Rays in War — Index. 

List Of Plates. 

Frontispiece — Congenital Dislocation of Hip-Joint. — 1., Needle in Finger. — II., Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V , Stellate 
Fracture of Patella showing shadow of "Strapping". — ^VI., Sarcoma. — VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showing Grain of Splint. — XI., Bar- 
ren's Method oiF Localisation. 

India^ Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Second 

Edition, Revised and Enlarged. Based on the French work of 
T. Seeligmann, G. Lamy Torvilhon and H. Falconnet by John 
Geddes McIntosh. Royal 8vo. [In the press. 

Contents. 

India- Rubber — Botanical Origin — Climatology — Soil — Rational Culture and Acclimation 
of the Different Species of India-Rubber Plants — Methods of Obtaining the Latex — Methods 
of Preparing Raw or Crude India-Rubber — Classification of the Commercial Species of 
Raw Rubber — Phvsical and Chemical Properties of the Latex and of India-Rubber — 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber — Softening, Cutting, Washing, 
Drying — Preliminary Observations — Vulcanisation of Normal Rubber — Chemical and Physical 
Properties of Vulcanised Rubber — General Considerations — Hardened Rubber or Ebonite — 
Considerations on Mineralisation and other Mixtures — Coloration and Dyeing — Analysis 
of Natural or Normal Rubber and Vulcanised Rubber — Rubber Substitutes — Imitation Rubber. 

Qutta Percha — Botanical Origin — Climatology — Soil— Rational Culture — Methods of 
Collection — Classification of the DifFerent Species of Commercial Gutta Percha — Physical 
and Chemical Properties — Mechanical Transformation — Methods of Analysing — Gutta Percha 
Substitutes — Index. . 

Leather Trades. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi- 
nent Member of the Trade. 500 pp., royal 8vo. 123 Illustrations. 
Price 21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.) 

Contents. 

Preface — ^Translator's Preface — List of Illustrations. 

Part I., Materials used in Tanning'— Skins : Skin and its Structure; Skins used in 
Tanning; Various Skins and their Uses — Tannin and Tanning Substances: Tannin; Barks 
(Oak); Barks other than Oak; Tanning Woods ; Tannin-bearing Leaves; Excrescences; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries ; Tannin Extracts ; Estimation of Tannin and Tannin Principles. 

Part II., Tanning^ — The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines — Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
the Grinding of Bark — Manufacture of Sole Leather: Soaking; Sweating and Unhairing 
Plumping and Colouring; Handling; Tanning; Tanning Elephants' Hides; Drying 
Striking or Pinning — Manufacture of Dressing Leather: Soaking; Depilation; New Pro 
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu 
facture of Split Hides — On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts — Quantity and Quality; Quantity 
Net Cost ; Quality of Leather — Various Manipulations of Tanned Leather : Second Tanning: 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tamed Lcatle 
Preservation of Leather — Tanning Various Skins. 
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Part III., Curirlnsr — Waxed Calf: Preparation; Shavinit; Stretching or Slicking; 
Oiling the Grain ; Oiling the Flesh Side ; Whitening and Graining ; Waxing ; Finishing ; Dry 
Finishing; Finishing in Colour; Cost — White Calf: Finishing in White — Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide — Smooth Cow 
Hide — Black Leather — Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat 
Skin — Russia Leather: Russia Leather; Artificial Russia Leather. 

Part IV., Enamelled, Hungrarv and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather — Enamelled Leather: Varnish Manufacture; Application of the 
Enamel; Enamelling in Colour — Hungary Leather: Preliminary; Wet Work or Prepara- 
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides 
— Tawing : Preparatory Operations ; Dressing ; Dyeing Tawed Skins ; Rugs — Chamoy Leather 
— Morocco: Preliminary Operations; Morocco Tanning; Mordants used in Morocco Manu- 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dveing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts ; Leather Printing ; Finishing Morocco ; Shs^reen ; Bronzed Leather — Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt — Parchment — Purs and Furriery: 
Preliminary Remarks; Indigenous Purs; Foreign Furs from Hot Countries; Foreign Furs 
from Cold Countries ; Furs from Birds' Skins ; Preparation of Furs ; Dressing ; Colouring ; 
Preparation of Birds' Skins; Preservation of Furs — Artificial Leather: Leather made from 
Scraps ; Compressed Leather ; American Cloth ; Papier M&che ; Linoleum ; Artificial Leather. 

Part v., Leather Testinjf and the Theory of Tanning— Testing and Analysis of Leather ; 
Physical Testing of Tanned Leather; Chemical Analysis — The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin; Theory of Hungary Leather Making; Theory of Tawing; 
Theory of Chamoy Leather Making ; Theory of Mineral Tanning. 

Part VI., Uses of Leather — Machine Belts: Manufacture of Belting; Leather Chain 
Belts ; Various Belts ; Use of Belts — Boot and Shoe-making : Boots and Shoes ; Laces — 
Saddlery : Composition of a Saddle ; Construction of a Saddle — Harness : The Pack Saddle ; 
Harness — Military Equipment — Glove Making — Carriage Building — Mechanical Uses. 

Appendix, The World's Commerce in Leather— Europe ; America; Asia; Africa; 
Au stralasia — I ndex . 

THE LEATHER WORKER'S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standaoe. Demy 8vo. 165 pp» 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc. — Leather Grinders* Sundries — Currier's Seasonings, Blacking Compounds^ 
Dressings, Finishes, Glosses, etc. — Dyes and Stains for Leather — Miscellaneous Information 
— Chrome Tannage — Index. 

(See '* Wood Products, Dtstillates and Extracts,^' p. 29). 

Books on Pottery, Bricks, 

, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Third Edition, Revised 
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free^ 
17s. lOd. home; 18s. 3d. abroad.) 

Contents. 

Introduction. The Rise and Progress of the Potter's Art — Bodies. China and Porcelain 

Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares 

Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 

Bodies, Jasper Bodies, Coloured Bodies for Mosaic Pamting, Encaustic Tile Bodies, Body 

Stains, Coloured Dips — QIazes. China Glazes, Ironstone Glazes, Earthenware Glazes^ 

Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours — Gold and 

Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases^ 

Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 

Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours* 

Plow Powders, Oils and Varnishes — Means and Methods. Reclamation of Waste Gold,^ 

The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold — Classification an<t 

Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of 

the World, Time and Scale ot Firing, Weights of Potter's Material, Decorated Goods 

Count — Comparative Loss of WiMght of Clays — Ground Felspar Calculations — ^The Convert 

sion of Slop Body Recipes into Dry Weight — The Cost of Prepared Earthenware Clay — 

Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking, 

Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling 

Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 

and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 

Conversion of Metrical Weights and Measures on the Continent and South America — Index. 
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CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 
12s. lOd. home; 13s. abroad.) 

Contents. 

Preface — ^The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emilb 
BouRRY. Translated from the French by Wilton P. Rix, Examiner 
in Pottery and Po^celain to the City and Guilds of London Technical 
Institute, Pottery Instructor to the Hanley School Board. Royal 
8vo. 760 pp. 323 Illustrations. Price 21s. net. (Post free, 22s. home ; 
24s. abroad.) 

Contents. 

Part I., General Pottery Methods. Definition and History. Definitions and Classifi- 
cation of Ceramic Products — Historic Summary of the Ceramic Art — Raw Materials of 
Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials : Analogous to Clay — 
Agglomerative and Agglutinative — Openinjg — Fusible — Refractory — Trials of Raw Materials 
— Plastic Bodies. Properties and Composition — Preparation of Raw Materials: Disaggrega- 
tion — Purification — Preparation of Bodies: By Plastic Method — By Dry Method — By Liquid 
Method — Formation. Processes of Formation : Throwing — Expression — Moulding by Hand- 
on the Jolley, by Compression, by Slip Casting — Slapping — Slippmg — Drymg. Drying ot 
Bodies — Processes of Drying: By Evaporation — By Aeration — By Heating — By Ventilation 
— By Absorption — Glazes. Composition and Properties — Raw Materials — Manufacture 
and Application — Firing. Properties of the Bodies and Glazes during Firing — Description 
of the Kilns — ^Working of the Kilns — Decoration. Colouring Materials — Processes of 
Decoration. 

Part H., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary, 
Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles— Paving Tiles — 
Pipes — ^Architectural Terra Cottas — Vases, Statues and Decorative Objects — Common Pottery 
— Pottery for Water and Filters — Tobacco Pipes — Lustre Ware — Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification : Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug)— Tests for Fireclay Goods — 
Faiences. Varnished Faiences — Enamelled Faiences — Silicious Faiences — Pipeclay Faiences 
— Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries — Stoneware. Stoneware Properly So*called: Paving 
Tiles— Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical Productions — 
Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine Stoneware 
— Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes ; Architectural Porcelain, and Dull or Biscuit Porcelain — 
Soft Phosphated or English Porcelain — Soft Vitreous Porcelain, French and New Sevres — 
Argillaceous Soft or Seger's Porcelain — Dull Soft or Parian Porcelain — Dull Feldspathic 
Soft Porcelain — Index. 

POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown 8vo. 250 pp. Twenty-two 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

QIazes and Bng^obes. — Olazes and Their Composition— Olaze Materials — The Prepara- 
tion of Glazes— Coloured Glazes — Engobes and Glazes for same — Porcelain Glazes. Ceramic 
Colours. — Preparation of Pure Colours — Underglaze Colours — Appl>ing the Colours on 
Earthenware — Glost Fire Colours — Muffle Colours — Decorating Porcelain with Metals — 
Decorating Porcelain by Electroplating — Lustre Decorating on Porcelain — Firing Muffle 
Colours — Imitation of Paintings on Porcelain — Index. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef^ivrb. 
Translated from the French by K. H. Bird, M.A., and W. Moore 
BiNNS. With Five Plates. 950 Illustrations in the Text, and numerous 
estimates. 500 pp., royal 8vo. Price 158. net. (Post free, 158. 6d. 
home; 16s. 6d. abroad.) 

Contents. 
Part I. Plain Undecorated Pottery.— Clays, Bricks, Tiles, Pipes, Chimney Flues, 
Terra-cotta. 

Part II. Made-up or Decorated Pottery. 
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THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 

Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.) 

NOTES ON POTTERY CLAYS. The Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d. 
net. (Post free, 3s. 9d. home ; 3s. lOd. abroad.) 

A Reissue of 
THE HISTORY OP THE STAFFORDSHIRE POTTER- 
lES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
Demy 8vo. Price 5s. net. (Post free, 5s. 4d. home J 5s. 9d. abroad.) 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
(1899) — Preliminary Remarks — The Potteries, comprising Tunstall, Brownhills, Green- 
Held and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph, 
Foley, Lane End— On the Orlfiin of the Art, and its Practice among the early Nations — 
Manufacture of Pottery, prior to 170O— The Introduction of Red Porcelain by Messrs. 
Elers, of Bradwell, 1690 — Prog^ress of the Manufacture from 1700 to Mr. Wedgwood's 
commencement in 1760 — Introduction of Fluid Glaze — Extension of the Manufacture of 
Cream Colour — Mr. Wedgwood's Queen's Ware — Jasper, and Appointment of Potter to Her 
Majesty — Black Printing — Introduction of Porcelain. Mr. W. Littler's Porcelain — Mr. 
Cookworthy's Discovery of Kaolin and Petuntse, and Patent — Sold to Mr. Champion — re- 
sold to the New Hall Com. — Extension of Term — Blue Printed Pottery. Mr. Turner, Mr. 
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton — 
Great Change in Patterns of Blue Printed — Introduction of Lustre Pottery. Improve- 
ments in Pottery and Porcelain subsequent to 1800. 

A Reissue of 
THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originally published in 1837.) 750 pp. Royal 8vo. Price 10s. net. (Post 
free, 10s. b'd. home; 12s. abroad.) 

Glassware, Glass Staining and 

Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown Svo. Price 10s. 6d. net. 
(Post free, 10s. 9d. home ; 10s. lOd. abroad.) 

Contents. 

Ruby — Ruby from Copper — Flint for using with the Ruby for Coating — A German Metal — 
Cornelian, or Alabaster — Sapphire Blue — Crysophis — Opal — Turquoise Blue — Gold Colour — 
Dark Green — Green (common) — Green for Malachite — Blue for Malachite — Black for Mela- 
ehite — Black — Common Canary Batch — Canary — White Opaque Glass — Sealing-wax Red — 
Flint — Flint Glass (Crystal and Demi) — Achromatic Glass — Paste Glass — White Enamel — 
Firestone — Dead White (for moons) — White Agate — Canary — Canary Enamel — Index. 
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A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Sufflino. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo» 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

A Short History of Stained Glass — Designing Scale Drawings — Cartoons and the Cut Line 
— Various Kinds of Glass Cutting for Windows — The Colours and Brushes used in Glass 
Painting — Painting on Glass, Dispersed Patterns — Diapered Patterns — Adding — Firing- 
Fret Lead Glazing — Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d.net. (Post free, 10s. lOd. home ; 
lis. abroad.) 

Paper Making, Paper Dyeing, 

and Testing. 

THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home ; 16s. 6d. abroad. > 

Contents. 

Behaviour of the Paper Fibres during the Process off Dyeingr. Theory off the 
Mordant— Colour Fixinsr Mediums (Mordants)— influence of the Quality ol the Water 
Used— Inorgranic Colours— Organic Colours— Practical Application of the Coal Tar 
Colours according to their Properties and their Behaviour towards the Diffferent 
Paper Fibres— Dyed Patterns on Various Pulp Mixtures— Dyeing to Shade— Index. 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 

M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. lOd. abroad.) 

Contents. 

Introduction. — Dealing with the Apparatus required in Chemical Work and General 
Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis. 
Fuels. — Analysis of Coal, Coke and other Fuels — Sstnipling and Testing for Moisture, Ash, 
Calorific Value, etc. — Comparative Heating Value of different Fuels and Relative Efficiency. 
Water. — Analysis for Steam Raising and for Paper Making Purposes generally — Water 
Softening and Purification — A List of the more important Water Softening Plant, giving 
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants. — Analysis and Valuation of the more important Chemicals 
used m Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin anJ Rosin Size, Glue Gelatin and Casein, Starch, China Clay,. 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes. 
Manufacturing' Operations. — Rags and the Chemical Control of Rag Boiling — Esparto 
Boiling — Wood Bulling — Testing Spent Liquors and Recovered Ash — Experimental Tests 
with Rsiw Fibrous Materials — Boiling in Autoclaves — Bleaching and making up Hand Sheets 
— Examination of Sulphite Liquors — Estimation of Moisture in Pulp and Half-stuff — Recom- 
mendations of the British Wood Pulp Association. Finished Products. — Paper Testing, 
including Physical, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of Machine Direction, Thickness,. 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and 
other (qualities of Blotting Papers — Determination of the Permeability of Filtering Papers — 
Detection and Estimation or Animal and Vegetable Size in Paper — Sizing Qualities of 
Paper — Fibrous Constituents — Microscopical Examination of Fibres — The Effect of Beating, 
on Fibres — Staining Fibres — Mineral Matter — Ash — Qualitative and Quantitative Examina- 
tion of Mineral Matter — Examination of Coated Papers and Colouring Matters in Paper.. 
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■CONTENTS OP ''THE PAPER MILL CliEIAlST'—contd. 

Tablet. — English and Metrical Weights and Measures with Equivalents— Conversioo of 
Grams to Grains and vice versa — Equivalent Costs per lb., cwt., and ton — Decimal Equivalents 
of lbs., qrs., and cwts. — Thermometric and Barometric Scales — Atomic Weights and Molecular 
Weights — Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Found — ^Table of Soluoilities of Substances Treated of in Paper Making — Specific 
-Gravity Tables of such substances as are used in Ps^r Making, including Sulphuric Acid, 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw. — HaMness Table for Soap 
Tests — Dew Point — Wet and Dry Bulb Tables — Properties of Saturated Steam, giving 
Temperature, Pressure and Volume — List of Diiferent Machines used in the Paper Making 
Industry, giving; Size, Weight, Space Occupied, Power to Drive, Out-put and Approximate 
Cost — Calculation of Moisture in Pulp— Rag-Boiling Tables, giving Percentages of Lime, 
Soda and Time required — Loss in Weight in Rags and other Raw Materials during Boiling 
.and Bleaching — Conditions of Buying and Selling as laid down by the Paper Makers' Associa- 
tion — ^Table or Names and Sizes of Papers — ^Table for ascertaining the Weight per Ream from 
the Weight per Sheet— Calculations of Areas and Volumes — Logarithms — Blank pages for 
Notes. 

THE TREATMENT OF PAPER FOR SPECIAL 
PURPOSES. By L. E. And6s. Translated from the 

German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. (Post 
free, 6s. 4d. home ; 6 ^. 6d. abroad). 

Contents. 

I., Parchment Paper, Vegetable Parchment.— The Parchment Paper Machine — 
■Opaque Supple Parchment Paper — Thick Parchment — Krugler*s Parchment Paper and Parch- 
ment Slates — Double and Triple Osmotic Parchment — Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton — Parchment Millboard — Imitation Horn and Ivory from 
.Parchment Paper — Imitation Parchment Paper — Artificial Parchment — ^Testing the Sulphuric 
Acid. II., Papers for Transfer Pictures. 111., Papers for Preservative and Packhis: 
Purposes. — Butter Paper — Wax Paper — Paraffin Paper — Wrapping Paper for Silverware — 
Waterproof Paper — Anticorrosive Paper. IV., Grained Transfer Papers. V., Fireproof and 
AntifalsiBcation Papers. VI., Paper Articles. — Vulcanised Paper Mach6 — Paper Bottles — 
Plastic Articles of Paper — Waterproof Coverings for Walls and Ceilings — Paper Wheels, 
Roofing and Boats — Pai er Barrels — Paper Boxes — Paper Horseshoes. VII., Gummed Paper. 
VIII.. Hectograph Papers. iX., insecticide Papers. — Fly Papers— Moth Papers. X., 
Challc and Leather Papers. — Glac^ Chalk Paper— Leather Paper — Imitation Leather. 
XI., Luminous Papers— Blue-Print Papers — Blotting Papers. XII., Metal Papers — Medi- 
cated Papers. XIII., Marbled Papers. XIV., Tracing and Copymg Papers — Iridiscent or 
Mother of Pearl Papers. XV., Photographic Papers — Shellac Paper — Fumigating Papers — 
Test Papers. XVi., Papers for Cieanlnflr and Polishing Purposes— Class Paper— 
Pumic Paper — Emery Paper. XVII., Lithographic Transfer Papers. XIX., Sundry 
Special Papers— Satm Paper — Enamel Paper — Cork Paper — Split Paper — Electric Paper — 
Paper Matches — Magic Pictures — Laundry Blue Papers — Blue Paper for Bleachers. XX., 
Waterproof Papers — Washable Drawing Papers — Washable Card — Washable Coloured Paper 
— Waterproof Millboard — Sugar Paper. XXI., The Characteristics of Paper — Paper Testing. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. For Enamel Makers, 

Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. With Sixteen Illus- 
trations. Demy 8vo. 180 pp. Price 10s. 6d. net. (Post free, 10s. lOd. 
home; lis. abroad.) 

THE ART OP ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown Svo. 60 pp. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Silk Manufacture. 

SILK THROWING AND WASTE SILK SPINNING. 

By HoLLiNS Rayner. Demy Svo. 170 pp. 117 lUus. Price 5s. net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

The Silkworm— Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— The 

.Preparation of Silk Waste for Degumming — Silk NVaste Degumming, Schapping and Dia- 

-charging — The Opening and Dressing of Wastes — Silk Waste " Drawing " or " Preparing ** 

Machinery — Long Spinning — Short Spinning — Spinning and Finishing Processes — Utilisatioa 

of Waste Products — Noil Spinning — Exhaust Noil Spinning. 
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Books on Textile and Dyeing 

Subjects. 

THE CHEMICAL TECHNOLOGY OF TEXTILE^ 

FIBRES: Their Origin, Structure, Preparation, Washings 

Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 

Georgievics. Translated from the German by Charles Salter. 

320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net. 

(Post free, lis. home; lis. 3d, abroad.) 

Contents. 
The Textile Fibres— Washing:, Bleaching:, Carbonising:— Mordants and Mor- 
danting:— Dyeing:— Printing:— Dressing: and Finishing:. 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 

from the German of Anthon Gruner. With Twenty-8ix Diagrrams- 

in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free, 

7s. 9d. home ; 8s. abroad.) 

Contents. 
Power- Loom Weaving: in General. Various Systems of Looms — Mounting: and 
Starting: the Power- Loom. English Looms — Tappet or Treadle Looms — Dobbies — 
QeneralRemarlcson the Numbering:, Reeling: and Pacldng: of Yarn— Appendix— Useful' 
Hints. Calculating Warps — Weft Calculations — Calculations of Cost Price in Hanks. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) By Julius 
Zipser. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, lis. 
home; lis. 6d. abroad.) 

Contents. 
PART 1.— The Raw Materials Used in the Textile industry. 

Mineral Raw Materials. Vegetable Raw Materials. Animal Raw Materials. 
PART 11.— The Technology of Spinning: or the Conversion of Textile Raw 

Materials into Yam. 

Spinning Vegetable Raw Materials. Cotton Spinning— Installation of a Cotton 
Mill — Spinning WaKte Cotton and Waste Cotton Yams — Flax Spinning — Fine Spinning — Tow 
Spinning— Hemp Spinning — Spinning Hemp Tow String — Jute Spinning — Spinning Jute Line- 
Yam — Utilising Jute Waste. 

PART ill.- Spinning: Animal Raw Materials. 

Spinning Carded Woollen Yarn — Finishing Yarn — Worsted Spinning — Finishing Worsted- 
Yam — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manufacture — Spinning: 
Shoddy and other Wool Substitutes — Spinning Waste Silk — Chappe Silk — Fine Spinning — 
Index. 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical School.. 
Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s. 4d. home ; 6s. 6d. abroad.) 

Contents. 

Chapter I., Introduction. — General Principle of Fabric Structure and the use of Design- 
Paper. 

Chapter II., The Plain Weave and its Modifications. — The Plain, Calico, or 
Tabby Weave.— Firmness of Texture— Variety of Texture— Var.cty of Form : Ri )bed Fabrics 
— Corded Fabrics — Matt Weaves. 

Chapter III., Twill and Kindred Weaves. — ClassiHcation of Twill Weaves. — i. Con> 
tinuous Twills— (a) Warp-face Twills— (b) Weft-face Twills— (c) Warp and Weft-face Twills— 
The Angle of Twill — Influences affecting the Prominence of Twills and Kindred Weaves (a) 
Character of Weave^ (b) Character of Yarn, (c) Number of Threads per Inch, (d) Direction of 
Twill in Relation to the Direction of Twist in Yam— 2. Zifptag or Wavy Twills — 3. Ro- 
arrang:ed Twills : Satin Weaves— Table of Intervals of Selection for the Construction of 
Satin Weaves — Corkscrew Twills — Rearrangement of Twill Weaves on Satin and other 
Bases— 4. Combined Twills— 5. Broken Twills— 6. Plifured or Ornamented Twills. 

Chapter IV., Diamond and Kindred Weaves, — Llamond Weaves. — Honeycomb and 
Kindred Weaves — Brighton Weaves — Sponge Weaves — Huck-a-Back and Kindred Weaves — 
Grecian Weaves — Linear Zigzag Weaves. 

Chapter V., Bedford Cords. — Plain Calico-ribbed Bedford Cords — Plain Twill-ribbed 
Bedford Cords — Figured Bedford Cords — Tabulated Data of Particulars relating to the Manu- 
facture of Seventeen Varieties of Bedford Cord Fabrics described in this Chapter. 

[Continued on next page,. 
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CONTENTS OP •* GRAMMAR OP TEXTILE DESIGN" — 

continued. 

Chapter VI., Backed Fabrics. — Weft- backed Fabrics — Warp-backed Fabrics — Reversible 
or Double-faced Fabrics. 

Chapter VII., Fustians. — Varieties of Fustians. — Imperials or Swansdowns — Cantoons 
or Diagonals — Moleskins — Beaverteens — Velveteens and Velveteen Cutting — Ribbed or 
Corde.1 Velveteen — Figured Velveteen — Corduroy — Figured Corduroy — Corduroy Cutting 
Machines. 

Chapter VIII., Terry Pile I- abru;s.— Meth ds of producing Terry Pile on Textile Fab- 
rics — Terry -forming Devices — Varieties of Terry Fabrics — Action of the Reed in Relation to 
Shedding — Figured Terry Weaving — Practical Details of Terry Weaving. 

Chapter IX., Gauze and Lend Fabrics. — Qauze, Net Leno, and Leno Brocade 
Varieties off Cross-Weaving. — Plain Gauze, and a Heald Gauze or Leno Harness — Net 
Leno Fabrics — Gauze and Net Leno Figuring by means of several Back Standard Healds to 
each Doup Heald — Leno Specialities produced by a System off Crossins: Warp Ends In 
front of the Reed — A Device for the Production of Special Leno Effects — Full Cross Leno 
Fabrics — Relative Merits of a Top and a Bottom Doup Harness — Relative Merits of Different 
Types of Dobbies for Gauze and Leno Fabrics— Shaking; Devices for Leno Weaving — Practical 
Details of Leno Weaving— Tempered Steel-wire Doup Harnesses ffor Cross-weaving: — 
Mock or Imitation Leno Fabrics. 

Chapter X, TissuE, Lappet, and Swivel Figuring; also Ondulk Effects, and 
Looped Fabrics. — Tissue Flsrurlng' — Madras Muslin Curtains — Lappet Figurinsf — Spot 
Lappet Figurin.4— Swivel Flfl^urlaff— Woven Ondule Effects— Loom tor Weaving Ondulk 
Effects— Weft OnJule Effects— Looped Fabrics.— Index. 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 

Manual of Applied Art for Secondary Schools and Continuation Classes. 
By M. E. Wilkinson. Oblong quarto. With 22 Plates. Bound in 
Art Linen. Price 3s. 6d. net. (Post free, 3s. lOd. home ; 4s. abroad.) 

Contents. 

Sampler of Lace Stitches — Directions for working Point Lace, tracing Patterns, etc. — 
List of Materials and Implements required for working. Platen L, Simple Lines, Straight and 
"Slanting, and Designs formed from them. II., Patterns formed from Lines in previous 
Lesson. III.. Patterns formed from Lines in previous Lesson. IV., Simple Curves, and 
Designs formed from them. V., Simple Leaf form, and Designs, formed from it. VI., Ele- 
mentary Geometrical forms, with Definitions. VII., Exercises on previous Lessons. VIII., 
Filling of a Square, Oblong and Circle with Lace Stitches. IX., Design for Tie End, based 
•on simple Leaf form. X., Lace Butterflies (Freehand). XL. Twenty simple Designs evolved 
from Honiton Braid Leaf. XII., Design for Lace Handkerchief, based on previjus Lesson. 
XIII., Design for Tea-cosy. XIV., Freehand Lace Coliar. XV., Freehand Lace Cuff (to 
match). XVI., Application of Spray from Lesson XI. XVII., Adaptation of Curves within 
a Square, for Lace Cushion Centre. XVIII., Conventional Spray for corner of Tea-cloth. 
XIX., Geometrical form for Rosebowl D'Oyley, to be originally fllfed in. XX., Geometrical 
form for Flower-vase D'Oyley, to be originally filled in. Each Lesson contains Instructions 
for Working, and application cf new Stitches from Sampler. 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. MiLROY. Cr:)wn 8vo. 64 pp. With 3 Plates 
and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home; Is. 4d. 
abroad.) 

THE CHEMISTRY OF HAT MANUFACTURING. Lec- 
tures delivered before the Hat Manufacturers' Association. By Wat- 
son Smith, F.C.S., F.I.C. Revised and Edited by Albert Shonk. 
Crown 8vo. 132 pp. 16 Illustrations. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 7s. lOd. abroad.) 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzpeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. Price 10s. 6d. 
ne^. (Post free, 10s. lOd. home ; lis. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 200 pp. Demy 8vo. 132 Designs and 
Illustrations. Price7s.6d.net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. KiNZER and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d. 
net. (Post free, 9s. home ; 9s. 6d. abroad.) 
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TEXTILE BOOKS— continued. 
Contents. 

The Various Sorts of Damask Fabrics— Drill (Ticking, Handloom-made)— Whole 
Damask for Tablecloths — Damask with Ground- and Connecting-warp Threads — Furniture 
Damask— Lampas or Hangings — Church Damasks— Tiie Manufacture of Wliole Damask 
— Damask Arrangement wiih and without Cross-Shedding— The Altered Cone-arrangement — 
The Principle of the Corner Lifting Cord — The Roller Principle — The Combination of the 
Jacquard with the so-called Damask Machine — The Special Damask Machine — The Combina- 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d. 
home ; 5s. 6d. abroad.) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures — Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning — Improper Spacing of the 
Goods in the Loom — Wrong Placing of Colours — Wrong Weight or Width of the Goods 
— Breaking of Warp and Weft Threads— Presence of Doubles, Singles, Thick, Loose, 
and too Hard Tvi-isted Threads as well as Tangles, Thick Knots and the Like — Errors in 
Cross-weaving — Inequalities, i.e.. Bands and Stripes — Dirty Borders— Defective Selvedges — 
Holes and Buttons — Rubbed Places — Creases — Spots — Loose and Bad Colours — Badly Dyed 
Selvedges — Hard Goods — Brittle Goods — Uneven Goods — Removal of Bands, Stripes, 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; lis. abroad.) 

Contents. 

Calculating the Raw Material — Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price — Quantity to Produce a Given Length — Yarn Calculations — Yarn 
Number — Working Calculations — Calculating the Reed Count — Cost of Weaving, etc. 

WATERPROOFING OP FABRICS. By Dr. S. Mierzinski. 

Crown 8vo. 104 pp. 29 lUus. Price 5s. net. (Post free, 5s. 3d. home ; 
5s. 4d. abroad.) 

Contents. 

Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 
Alumina — Impregnation of the Fabric — Drying — Waterproofing with Paraffin — Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics — Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin— British Waterproofing Patents — Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d. 
home ; 3s. lOd. abroad.) 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools — Dyed Wool Book — The Order Book 
— Pattern Duplicate Books — Management and Oversight — Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc. — Plums. 

(For ** Textile Soaps and Oils " see p. 7.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OP CARPET YARNS. Manual 

for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Price 7s. 6d. 
net. (Post free, 7s. lOd. home; 8s. abroad.) 

Contents. 

Structure and Constitution of Wool Fibre — Yarn Scouring — Scouring Materials — Water for 
Scouring — Bleaching Carpet Yarns— Colour Making for Yarn Printing — Colour Printing 
Pastes — Colour Recipes for Yarn Printing — Science of Colour Mixing — Matching of Colours 
— " Hank " Printing — Printing Tapestry Carpet Yarns— Yarn Printing— Steaming Printed 
Yarns -Washing or Steamed Yarns — Aniline Colours Suitable for Yarn Printing— Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing — Appendix. 
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THE SCIENCE OF COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, P.C.S. Forty-one Illustrations, Five Coloured Plates, 

and Four Plates showingr Eleven Dyed Speolmens of Fabrios. 132* 

pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; Ss. 
abroad.) 

Contents. 

Colour a Sensation: Colours of Illuminated Bodies; Colours of Opaque and Transparent 
Bodies ; Surface Colour — Analysis of Light : Spectrum ; Homogeneous Colours ; Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum: The Spectroscope and* 
Its Construction ; Colourists' Use of the Spectroscope — Colour by Absorption : Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight — Colour Primaries of the Scientist 
versus the Dyer and Artist: Colour Mixing by Rotation and Lye EWeing; Hue, Purity,. 
Brightness; Tints: Shades, Scales, Tones, Sad and Sombre Colours— Colour Mixing; Pure- 
and Impure Greens, Orange and Violets: Large Variety of Shades from few Colours; Con- 
sideration of the Practical Primaries : Red, Yellow and Blue — Secondary Colours ; Nomen- 
clature of Violet and Purple Group; Tints and Shades of Violet; Changes in Artificial Light 
— ^Tertiary Shades ; Broken Hues; Absorption Spectra of Tertiary Shades — Appendix: Four- 
Plates with Dyed Specimens Illustrating Text — Index. 

DYERS* MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in* 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc^ 
(Lond.). ' Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed 
Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Contents. 

Colour Vision and Structure of the Eye — Perception of Colour — Primary and Comple- 
mentary Colour Sensations — Daylight for Colour Matching — Selection of a Good Pure Light 
— DiflPused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, etc.. etc.— 
Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues — ^Aid of Tinted 
Pilms^Matching Difficulties Arising from Contrast — Examination of Colours by Reflected' 
and Transmitted Lights — Effect of Lustre and Transparency of Fibres in Colour Matching 
— Matching of Colours on Velvet Pile— Optical Properties of Dye stuffs, Dichroism, Fluor- 
escence — Use of Tinted Mediums — Orange Film — Defects of the Eye — Yellowing of the Lens 
—Colour Blindness, etc. — Matching of Dved Silk Trimmings and Linings and Bindings — It» 
DiflRculties — Behaviour of Shades m Artificial Light — Colour Matching of Old Fabrics, etc. — 
Examination of Dyed Colours under the Artificial Lights — Electric Arc, Magnesium and Duftoo». 
Gardner Lights, Welsbach, Acetylene, etc. — ^Testing Qualities of an Illuminant — Influence 
of the Absorption Spectrum in Changes of Hue under the Artificial Lights — Study of the 
Causes of Abnormal Modifications of Hue, etc. 

COLOUR: A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst, F.C.S. With Te» 

Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo» 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Colour and Its Production— Cause of Colour in Coloured Bodies— Colour Pheno- 
mena and Theories— The Physiology of Lifirht— Contrast— Colour in Decoration tm& 
Desiflfn— Measurement of Colour. 

THE ART OP DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. lb: 
PiLEUR D'Apliony. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home; 6s> 
abroad.) 

Contents. 
Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs. Yam, Worsted, etc 
Part II., The Art of Dyeing Silk. Part III., The Art of Dyeing Cotton and Une» 
Thread, together with the Method of Stamping 5ilks, Cottons, etc. 
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THE CHEMISTRY OP DYE-STUFFS. By Dr. Georg Von 

Georoibvics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroacL) 

Contents. 

Introduction — Coal Tar — Intermediate Products in the Manufacture of Dye-stuffs — The 

.Artificial Dye-stuffs (Coal-tar Dye8)-^Nitroso Dye-stuffs — Nitro Dye-stuffs — Azo Dye-stuffs — 

Substantive Cotton Dye-stuffs — Azoxystilbene Dye-stuffs — Hydrazones — Ketoneimides — 

Triphenylmethsuie Dye-stuffs — Rosolic Acid D^e-stum — Xanthene Dye-stuffs — Xanthone D^e- 

stuffs— Flavones — Oxyketone Dye-stuffs— Quinoline and Acridine Dye-stuffs— Quinonimide 

or Diphenylamine Dye-stuffs — The Azine Group: Eurhodines, Safranines and Indulines — 

Burhodines — Safranines — Quinoxalines — Indigo — Dye-stuffs of Unknown Constitution — 

Sulphur or Sulphine Dye-stuffs — Development of the Artificial Dye-stuff Industry — The 

J4atural Dye-stuffa — Mineral Colours — Index. 

THE DYEING OF COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Structure and Chemistry of the Cotton Fibre — Scouring and Bleaching of Cotton — Dyeing 
^Machinery and Dyeing Manipulations — Principles and Practice of Cotton Dyeing — Direct 
Dyeing; Direct Dyeing followed by Fixation with Metallic Salts; Direct Dyeing followed by 
Fixation with Developers; Direct Dyeing followed by Fixation with Couplers; Dyeing on 
Tannic Mordant; Dyeing on Metallic Mordant; Production of Colour Direct upon Cotton 
Fibres ; Dyeing Cotton by Impregnation with Dye-stuff Solution — Dyeing Union (Mixed Cotton 
and Wool) Fabrics— Dyeing Half Silk (Cotton-Silk, Satin) Fabrics— Operations following 
Dyeing — Washing, Soaping, Drying — Testing of the Colour of Dyed Fabrics — Experimental 
Dyeing and Comparative Dye Testing — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 

THE DYEING OF WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 

Contents. 

The Wool Fibre — Structure, Composition and Properties — Processes Preparatory to Dyeing 
— Scouring and Bleaching of Wool — Dyeing Machinery and Dyeing Manipulations — Loose 
Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery — The Principles and Practice of 
Wool Dyeing — Properties of Wool Dyeing — Methods of Wool Dyeing — Groups of Dyes — 
Dj^eing w^ith the Direct Dyes — Dyeing with Basic Dyes — Dyeing with Acid Dyes — Dyeing 
M'lth Mordant Dyes — Level Dyeing — Blacks on Wool — Reds on Wool — Mordanting of Wool — 
Orange Shades on Wool — Yellow Shades on Wool — Green Shades on Wool — Blue Shades on 
Wool — Violet Shades on Wool — Brown Shades on Wool — Mode Colours on Wool — Dyeing 
Union (Mixed Cotton Wool) Fabrics — Dyeing of Gloria— Operations following Dyeing — 
Washing, Soaping, Drying — Experimental Dyeing and Comparative Dye Testing — Testing of 
the Colour of Dyed Fabrics — Index. 

Bleaching and Washing. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
lllus. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.) 

Cotton Spinning and Combing. 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. Second Impression. Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 6d. abroad.) 

Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute — Cultiva- 
tion, Classification, Ginning, Baling and Mixing of the Raw Cotton — Bale- Breakers, Mixing 
Lattices and Hopper Feeders— Opening and Scutching— Carding — Indexes. 
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COTTON SPINNING (Intermediate, ^I. f ^'^^ glvS lilustJ- 

THOMA8 Thornley. Second I"'P'*«*'°p"- ,^^6? 5s. 4d. home ; 5s. 6d. 
tions. Crown 8vo. Price Ss. net. (Post tree, 

"'"■'"'''■* contents. ^ ^ ... . i^doo institute-Jh; 

Syltabuse. «,d Examination Paper. <" '*■« fJ'U pif F«m"-Mule Spinning-KmR 
— L:— n -»»_Ti,» nrowinfl Frame— Bobbin ana ny 



Combing Process— The Drawmg Fram 
Spinning — General Indexes. 



Spinning-Genoral Indexe.. g ThOHAS 

COTTON SPmNING (Honours or ThrdYear;^?^ ^^^^^ 

Thornley. 216 pp. Seventy-four "'"^t'^*'"^; . Vs 6d. abroad.) 
Edition. Price Sst net. (Post free. 5s. 4d. home , .^ ^ _-.,„„_ 

Synabuses and Examination Pape-^o^Sf, Gu^^^^^ 

l^^~l>^"Sra"nd°'c"o,^^^^^^^^^^^^ "' ""=•""'" 

Planning— Waste and Waste Spinnmg— Indexes. ThORNLEY, 

COTTON COMBING MACHINES. By Thos. ^^^ ^^^^^^^ • 

Spinning Master Technical School B^^^^^^^ ^Demy^^ . g,. ed. abroad.) 
tions. 300 pp. P-ce 7s. 6d.^ne^MPost ' , ,,« Heilmann 

The Sliver Lap Machine and the Ribbon Cap M*^!|'" ^^^EfnTMeXnism of the. Conj^r- 
Comber-The Cam Shaft-On the De'ach.ng and Attaching^ ^^^^ ^ 

Resetting of Combers-The Erection of ^"^'•"^SSmSng Machines of Contmental Make 
lations— Various Notes and Discussions- Cotton ComDinj} 

JFlax, Hemp and Jute Spinning^ 

MODERN FLAX. HEMP AND JUTE S™NING AND 
TWISTING. A Practical Handbook for ^he us^^^^^^ ^^ 

Hemp and Jute Spinners, Thread, ^w'"^,/ Experi and Engineer, 

Herbert R. Carter, Mill Manager Text.lebxp^ ^^ London 

Examiner in Flax Spinning ^ to the f 'y ^"^ o p^,^^ 
Institute. Demy 8vo. 1907. With 92„'""fl^7, 

7s. 6d. net. (Post free, 7s. 9d. home^Ss. abroad ) ^^ 

w. P.^„._OHgin o. Flax-He.^^^^^ 
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Collieries and Mines. 

BECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprbcht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. abroad.) 

Contents. 

Causes of Pit Fires— Preventive Regulations : (1) The Outbreak and Rapid Extension 

of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material 

in the Construction of the Shaft: (2) Precautions For Rapidly Localising an Outbreak of Fire in 

the Shaft; (3) Precautions to be Adopted in case those under 1 and 2 Pail or Prove Inefficient. 

Precautions ag Mnst Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 

Pire'damp ana Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. 

Experiments on the Ignition of Fire-damp Mixtures and Clouds or Coal Dust by Electricity — 

Indications of an Existing: or Incipient Fire— Appliances tor Worlcing in Irrespirable 

Oases: Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus: 

•Oxygen Apparatus — Bxtinsfuishing' Pit Fires: (a) Chemical Means; (6) Extinction with 

Water. Dragging down the Burning Masses and Packing with Clay; {c) Insulating the Seat 

<of the Fire byDams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire 

-with Dams: Working in Irrespirable Gases ("Gas-diving"): Air-Lock Work. Complete 

Isolation of the Pit. Flooding a Burnmg Section isolated by means of Dams. Wooden 

Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 

Flooding the whole Pit-^Rescue Stations : (a) Stations above Ground ; (6) Underground 

Rescue Stations— Spontaneous Ig^nition of Coal in Bulk— Index. 

VENTILATION IN MINES. By Robert Wabner, Mining 

Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. Price 10s. 6d. net. (Post free, 
lis. home ; lis. 3d. abroad.) 

HAULAGE AND WINDING APPLIANCES USED IN 
MINES. By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. Price 
8s. 6d. net. (Post free, 9s. home; 9s. 3d. abroad.) 

Contents. 

Haulage Appliances — Ropps — Haulage Tubs and Tracks — Cages and Winding Appliances — 
Winding Engines for Vertical Shafts — Winding without Ropes — Haulage in Levels and 
Inclines— 'The Working of Underground Engines — Machinery for Downhill Haulage. 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W. Galloway Duncan, Electrical and Mechanical Engineer, Member 

of the Institution of Mining Engineers, Head of the Government School 

of Engineering, Dacca, India ; and David Penman, Certificated Colliery 

Manager, Lecturer in Mining to Fife County Committee. Demy 8vo. 

310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. (Post 

free, lis. home ; lis. 3d. abroad.) 

Contents. 
General Principles, Magrnetism, Units, Cells, etc.— Dvnamos and Motors — Trans- 
mission and Distribution of Power— Prime Movers— Liffhting^ by Electricity— Initial 
Outlay and Worlcing: Cost of Electrical Installations— Electricity Applied to Coal- 
cutting:— Electric Haulag:e. Windingf, and Locomotives— Electric Pumps and Pump- 
ing:— Electric ' power Drills and lJnderg:round Coal Conveyers— Typical Colliery 
Blectricgl Installations— Miscellaneous Applications of the Electric Current— Com- 

Carison of the Different Modes of Transmitting: Power— Dang:ers Occurring: from the 
fse of Electricity in Collieries— Appendix: Questions suitable for students preparing for 
colliery managers' examinat ons — Index. 

Dental Metallurgy. 

DENTAL METALLURGY : MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 

8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d. net (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Introduction — Physical Properties of the Metals — Action of Certain Agents on Metals — 
Alloys — Action of Oral Bacteria on Alloys — Theory and Varieties of Blowpipes — Fluxes — 
Furnaces and Appliances — Heat and Temperature — Gold — Mercury — Silver — Iron — Copper — 
Zinc — Magnesium — CadmiCim — Tin — Lead — Aluminium — Antimony — Bismuth — Palladium — 
Platinum— Iridium — Nickel — Practical Work — Weights and Measures. 
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Engineering^ Smoke Prevention 

and Metallurgy. 

THE PREVENTION OF SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 
A.M.Inst., C.B., Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.)* 

Contents. 

Fuel and Combustion — Hand Firin£[ in Boiler Furnaces — Stoking b^ Mechanical Means — 
Powdered Fuel — Gaseous Fuel — Efficiency and Smoke Tests of Boilers — Some Standard 
Smoke Trials — The Legal Aspect of the Smoke Question — The Best Means to be adopted for 
the Prevention of Smoke — Index. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post free, 5s. 4d.- 
home ; 5s. 6d. abroad. ) 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances- 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing — Index. 

THE HARDENING AND TEMPERING OF STEEL. 
IN THEORY AND PRACTICE. By Fridolin Reiser. 

Translated from the German of the Third Edition. Crown 8vo. 

120 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

Contents, 
steel— Chemical and Physical Properties of Steel, and their Casual Connection— 
Classification of Steel according: to Use— Testing: the Quality of Steel — Steel- 
Hardenine— lnvestlfl:ation of the Causes of Failure in Hardening:- Reg:eneration of 
Steel Spoilt in the Furnace— Welding Steel— Index. 

SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. Juptner. 350 pp. Demy 8vo. Eleven Plates- 
and Ten Illustrations. Price 10s. 6d. net. (Post free, lis. home;, 
lis. 6d. abroad.) 

Contents. 

The Theory of Solution. — Solutions — Molten Alloys — Varieties of Solutions — Osmotic 
Pressure — Relation between Osmotic Pressure and other Properties of Solutions — Osmotic 
Pressure and Molecular Weight of the Dissolved Substance — Solutions of Gases — Solid Solu- 
tions — Solubility — Diffusion — Electrical Conductivity— Constitution of Electrolytes and Metals 
— Thermal Expansion. iVlicrog:raphy. — Microstructure — The Micrographic Constituents of 
Iron — Relation between Micrographical Composition, Carbon-Content, and Thermal Treat- 
ment of Iron Alloys — The Microstructure of Slags. Chemical Composition of the Alloys- 
of Iron. — Constituents of Iron Alloys — Carbon — Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon — Opinions and Researches on Combined 
Carbon — Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemical Composition of the Carbon present in Iron Alloys — The Constitu- 
ents of Iron — Iron — The Constituents of Iron Alloys — Manganese — Remaining Constituents of 
Iron Alloys— A Silicon— Gases. The Chemical Composition of Slag:.— Silicate Sla^s— 
Calculating the Composition of Silicate Slags — Phosphate Slags — Oxide Slags — Appendix — 
Index. 

EVAPORATING, CONDENSING AND COOLING AP^ 

PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net,. 
(Post free, lis. home; lis. 6d. abroad.) 

Contents. 

/^^Coefficient of Transmission of Heat, k/, and the Mean Temperature Difference, 61m — 

Parallel and Opposite Currents — Apparatus for Heating with Direct Fire — The Injection of 
Saturated Steam — Superheated Steam — Evaporation by Means of Hot Liquids — The Trans- 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
— ^The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms- 
— Evaporation in a Vacuum — ^The Multiple-effect Evaporator — Multiple-effect Evaporators- 
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Contents of *' Evaporatlnsr, Condensing and Cooling 

Apparatus " m— continued. 
from which Extra Steam is Taken — The Weight of Water which must be Evaporated from 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent. — The Relative Proportion of the Heating Surfaces in the Elements 
•or the Multiple Evaporator and their Actual Dimensions — The Pressure Exerted by Currents 
•of Steam and Gas upon Floating Drops of Water — The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — The Diameter 
or Pipes for Steam, Alcohol, Vapour and Air — The Diameter of Water Pipes — The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Loss— Condensers — Heating Liquids by Means of Steam — The Cooling of Liquids— 
The Volumes to be Exhausted from Condensers by the Air-pumps — A Few Remarks on Air- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
■Certain Lower Pressure — Index. 

Sanitary Plumbing, Electric 
Wiring, Metal Work, etc. 

J5XTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post 
free, 7s. lOd. home ; Ss. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. 6d.net. (Post free, 8s. home; 8s. 6d. 
abroad.) 

Contents. 

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 
fiendings — Half-circular Elbows — Curved Bends on Square Pipe — Bossed Bends — Curved 
Plinth Bends — Rain-water Shoes on Square Pipe — Curved and Angle Bends — Square Pipe 
Fixings — Joint-wiping — Substitutes for Wiped Joints — Preparing Wiped Joints — Joint Fixings 
— Plumbing Irons — Joint Fixings — Use of "Touch" in Soldering — Underhand Joints — Blown 
and Copper Bit Joints — Branch Joints— Branch Joints (continued) — Block Joints — Block 
Joints (continued)— Block Fixings — Astragal Joints — Pipe Fixings — Large Branch Joints — 
Large Underhand Joints — Solders — Autogenous Soldering or Lead Burning — Index. 

SANITARY PLUMBING AND DRAINAGE. By John 

W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

ELECTRIC WIRING AND FITTING FOR PLUMBERS 
AND GASFITTERS. By Sydney F.Walker, R.N., M.I.E.E., 

M.I.Min.E., A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus- 
trations and Tables. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

Chapter I., Electrical Terms Used.— Pressure and Current— The Volt— Ampere— 
Electrical Resistance — Earth— Continuous and Alternating Currents — The Electric Circuit — 
Leakage — Heating of Conductors — Size and Forms of Conductors — The Kilowatt — Loss of 
Pressure — Arrangement of Conductors— Looping In — The Three Wire System — Switches — 
Puses— Circuit— Breakers. IL, The Insulation of Wires, Their Protection Fixing, etc. 
— Conductors Insulated with Paper and Similar Materials — Sparking between Conductors 
— Diahte Insulation — Flexible Cords — Concentric Conductors — Twin Conductors — Three-Core 
Cables — Fireproof Insulation for Conductors — Jointing — T Joints — Coveting T Joints m Vul- 
-canized Rubber Cables. III., hlxlngf the Wirlnif and Cables.- La> ing Out the Route— The 
Protection of the Wires and Cables — Wood Casr g — Me allic Conduits — Non-Metallic Con- 
<iuctor!) — Fixing the Conduits and Running Wires in Them — Drawing Wires into Tubes — To 
Avoid Shock. IV., Lamps. — The Incandescent Lamp — Lamp Holders — Lamp Fittings — ^The 
Nernst Lamp. V., Switches, Puses, Distribution Boards, etc.— The Electricity Meter- 
Prepayment Meters. 

THE PRINCIPLES AND PRACTICE OP DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. Price 2s. net. (Post free, 2s. 3d. home and abroad.) 
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k HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 
Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. abroad.) 

House Decorating and Painting. 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By A. 

Desaint, Artistic Interior Decorator of Paris. The book contains 100 
folio Plates, measuring 12 in. by 7 in., each Plate containing specimens 
of three artistic shades. These shades are all numbered, and their 
composition and particulars for mixing are fully given at the beginning 
of the book. Each Plate is interleaved with grease-proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters' Guild impressed on the cover in gold and silver. Price 
21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.) 

HOUSE DECORATING AND PAINTING. By W, 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OP DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price Is. net. 
(Post free, Is. 3d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 

Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 

AND TECHNICAL ASPECT, AND AS AN ARTICLE 

OP COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 340 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, lis. home; lis. 6d. abroad.) 

Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory— The Roots— The Stem— 
and Leaves— Inflorescence and Flower: Inflorescence and Flower of the Male Hop; In- 
lloreacence and Flower of the Female Hop — The Fruit and its Glandular Structure : The 
Fruit and Seed — Propagation and Selection of the Hop — Varieties of the Hop : (a) Red Hops ; 
(6) Green Hops ; (c) Pale Green Hops — Classification according to the Period of Ripening : 
Early August Hops; Medium Early Hops; Late Hops — Injuries to Growth — Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping OiT, Honey Dew, Damafje from Wind, Hail 
and Rain ; Vegetable Enemies of the Hop: Animal Enemies of the Hop— Beneficial Insects on 
Hops— CULTIVATION— The Requirements of the Hop in Respect of Climate, Soil and 
Situation : Climate ; Soil : Situation — Selection of Variety and Cuttings — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting : Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring: Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames : Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drymg and Bagging — Principal and Subsidiary Utilisation of Hops and Hop Gardens — Lire 
of a Hop Garden ; Subsequent Cropping — Cost of Production, Yield and Selling Prices. 

Preservation and Storag^e — Physical and Chemical Structure of the Hop Cone— Judging 
the Value of Hops. 

Statistics of Production— The Hop Trade— Index. 
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Wood Products, Timber and 

Wood Waste. 

WOOD PRODUCTS : DISTILLATES AND EXTRACTS. 

By P. DuMESNY, Chemical Engineer, Expert before the Lyons Com- 
mercial Tribunal, Member of the International Association of Leather 
Chemists; and J. Noyer. Translated from the French by Donald 
Grant. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.) 

Contents. 

Part I., Wood Distillation— Principal Products from the Carbonisation of Wood- 
Acetates— Secondary Products of the Distillation of Wood— Acetone— Analysis of 
Raw Materials and Finished Products— Appendix —The Destructive Distillation of Olive 
Oil Residuals. Part II., Manufacture and Testing of Tan Wood Extracts and their 
Utilisation in Modern Tanneries— Plant and Equipment for Treating Chestnut Wood 
— Analysis of Tanning Substances— The Official Method of the Interna: ional Association 
of Leather Chemists, with Supplementary Notes. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier. Royal 8vo. 437 pp. 178 Illustrations. Price 
12s. 6d. net. (Post free, Ids. home ; 14s. abroad.) 

Contents. 

Physical and Chemical Properties of Timber— Composition of the Vegetable Bodies 
— Chief Elements — M. Fremy's Researches — Elementary Organs of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of Wood— Description of the Different Kinds of Wood— Principal Essences with 
Caducous Leaves — Coniferous Resinous Trees— Division of the Useful Varieties of Timber 
in the Different Countries of the Q lobe— European Timber— African Timber— Asiatic 
Timber — American Timber — Timber of Oceania — Forests — General Notes as to Forests ; their 
Influence — Opinions as to Sylviculture — Improvement of Forests — Unwooding and Rewooding 
— Preservation of Forests — Exploitation of Forests — Damage caused to Forests — Different 
Alterations — The Preservation of Timber— Generalities— Causes and Progress of De- ■ 
terioration — History of Dtffierent Proposed Processes — Dessication — Superficial Carbonisation 
of Timber — Processes by Immersion — Generalities as to Antiseptics Employed — Injection 
Processes in Closed Vessels — The Boucherie System, Based upon the Displacement of the 
Sap — Processes for Making Timber Uninflammable— Applications of Timber— Generalities 
— Working Timber — Paving — Timber for Mines — Kailwajr Traverses — Accessory Products — 
Gums — Works of M. Fremy — Resins — Barks — Tan— Application of Cork — The Application of 
Wood to Art and Dveing — Different Applications of Wood— Hard Wood — Distillation of 
Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins — Index. 

THE UTILISATION OP WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra- 
tions. Price 5s. net. (Post tree, 5s. 4d. home ; 5s. 6d. abroad.) 

Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS ; 

with Remarks on the Causes, Nature and EfTects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHL 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 
Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 
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The Preserving of Foods and 

Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 

SWEETMEATS. By A. Hausner. With Twenty-eight 
Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d. 
home; 7s. lOd. abroad.) 

Contents. 

The Manufacture of Conserves — Introduction — The Causes of the Putrefaction of Pood 
— The Chemical Composition of Foods— The Products of Decomposition — The Causes of Fer- 
-mentation and Putrefaction — Preservative Bodies— The Various Methods of Preserving Food 
— The Preservation of Animal Food — Preserving Meat by Means of Ice — The Preservation 
•of Meat by Charcoal — Preservation of Meat by Drying — The Preservation of Meat by the 
Exclusion of Air — The Appert Method — Preserving Flesh by Smoking — Quick Smoking — Pre- 
serving Meat with Salt — Quick Salting by Air Pressure — Quick Salting by Liquid Pressure — 
Gamgee's Method of Preserving Meat — The Preservation of Eggs — Preservation of White 
.and Yolk of Egg — Milk Preser\'ation — Condensed Milk — The Preservation of Fat — Manu- 
facture of Soup Tablets — Meat Biscuits — Extract of Beef — The Preservation of Vegetable 
Foods in General — Compressing Vegetables — Preservation of Vegetables by Appert's Method 
—The Preservation of Fruit — Preservation of Fruit by Storage — The Preservation of Fruit 
by Drying — Drying Fruit by Artificial Heat — Roasting Fruit — The Preservation of Fruit with 
Sugar — Boiled Preserved Fruit — The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without Boiling — Jam Manufacture — ^The Manufacture of Fruit 
Jellies— The Making of Gelatine Jellies — The Manufacture of " Sulzen " — The Preservation of 
Fermented Beverages — The Manufacture of Candles — Introduction — The Manufacture of 
-Candied Fruit — The Manufacture of Boiled Sugar and Caramel — The Candying of Fruit — 
Caramelised Fruit — The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making — 
Fruit Drops — The Manufacture of Dragees — The Machinery and Appliances used in Cand^ 
Manufacture — Dyeing Candies and Bonbons — Essential Oils used in Candy Making — Fruit 
Essences — The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges — 
Recipes for Jams and Jellies — Recipes for Bonbon Making — Dragees — ^Appendix— Index. 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE- 
TABLES AND MEAT. By E. Wagner. Translated 
from the German. Crown 8vo. 125 pp. With 14 Illustrations. Price 
5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents. 

Part I. Preserved Fruits. — Green Almonds — Gooseberries — Strawberries — Currants — 
Cherries — Black Nuts — White Nuts— Apricots — Greengages— Pears — Peaches — Plums — Figs — 
Melons — Apples — Chestnuts — Angelica— Pineapple. Canned Fruit. — Gooseberries — Cherries 
— Apricots — Plums — Rhubarb. Glazed and Candied Fruits.— Glazing Fruit -Candied 
Fruit — Blue Plums— Glazed Chestnuts — Glazed Pineapple Slices— Crystallised Strawberries. 
Marmalades, Jams and Fruit Juices. — Strawberry Marmalade — Cherry Marmalade — 
Jams — Fruit Jellies— Raspberry Juice — Cherry Juice -Lemon Syrup— Pineapple Juice. Fruit 
Pulp for Ices. Citron Peel and Oranee Feel. Part II. Preserved Vegetables. — 
Asparagus — Peas — Beans — Carrots — Spinacn — Artichokes — Tomatoes — Mixed Vegetables — 
Tinned Julienne — Celery — Mushrooms — Truffles— Pickled Gherkins — Gherkins in Mustard — 
Mixed Pickles. Part III. Preserved Meats. — Veal Cutlets— Fricondeau of Veal— Calves 
Head— Bouillon Meat— Ox Tongue — Beef a la Mode — Roast Hare — Roast Venison — Mutton 
and Cabbage — Savoury Paste — Beef Paste— Foie Gras Paste. 

Dyeing Fancy Goods. 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlbt, 
Technical Chemist. Crown 8vo. 168 pp. Price 5s. net. (Post free, 
.5s. 3d. home ; Ss. 4d. abroad.) 
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Celluloid. 



CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Handbook for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries using Celluloid ; also for Dentists and 
Teeth Specialists. By Dr. Fr. Bockmann, Technical Chemist. Trans- 
lated from the Third Revised German Edition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. 
abroad.) 

Contents. 

Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin 
— Gun-cotton — Properties oF Gun-cotton — Special Gun-cottons for Celluloid Manufacture — 
Nitrating Centrifugalisers— Collodion Wool — Methods of Preparing; Collodion Wool — Cam- 
phor — Japanese (Formosa) Camphor, Ordina^ Camphor — Borneo Camphor (Bomeol), 
Sumatra Camphor, Camphol, Baros Camphor) — Properties of Camphor — Artificial Camphor 
— Camphor Substitutes. Il„ The Manufacture of Celluloid ; Manufacturing Camphor by 
the Aid of Heat and Pressure — Manufacture of Celluloid by Dissolving Gun-cotton in an 
Alcoholic Solution of Camphor — Preparing Celluloid by the Cold Process — Preparation with 
an Ethereal Solution of Camphor — Preparation with a Solution of Camphor and Wood 
Spirit. III., The Employment of Pyroxylin for Artificial Silk : Denitrating 
and Colouring Pyroxylin — Uninflammable Celluloid — Celluloid and Cork Composition — 
Incombustible Celluloid Substitute — Xylonite or Fibrolithoid. IV., Properties of 
Celluloid, v., Testing Celluloid. VI.. Application and Treatment of Celluloid: 
Caoutchouc Industry — Making Celluloid Ornaments — Working by the Cold Process — 
Working by the Warm Process— Celluloid Combs — Celluloid as a Basis for Artificial 
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks 
and Stamps— Collapsible Seamless Vessels of Celluloid — Making Celluloid Balls — Celluloid 
Posters — Pressing Hollow Celluloid Articles — Casting Celluloid Articles — Method for Pro- 
ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc.— Imitation Tortoiseshell — 
Metallic Incrustations — Imitation Florentine Mosaic — Celluloid Collars and Cuffs — Phono- 
graph Cylinder Composition — Making Umbrella and Stick Handles of Celluloid — Celluloid 
Dolls— Celluloid for Ships* Bottoms — Celluloid Pens— Colouring Finished Celluloid Articles — 
Printing on Celluloid — Employment of Celluloid (and Pyroxylin) in Lacquer Varnishes — Index. 

Lithography, Printing and 

Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 

Demy 8vo. With Frontispiece and 33 Illus. 120 pp. Price Ss. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 



Stones— Transfer Inks— Transfer Papers— Transfer Printing— Litho Press— ^ress Work— 

la — Substitutes for Lithographi 
and Decoration — Photo-Lithograpny. 



Machine Printing— Colour Printing— Substitutes for Lithographic Stones— Tin Plate Printing. 



PRINTERS' AND STATIONERS' READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 9d. home ; 
3s. lOd. abroad.) 

Contents. 

Price of Paper per Sheet, Quire, Ream and Lb.— Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream— Cost of Cards— Quantity Table— Sizes and Weights of Paper, 
Cards, etc. — Notes on Account Books — Discount Tables — Sizes of spaces — Leads to a lb. — 
Dictionary — Measure for Bookwork — Correcting Proofs, etc. 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations. Crown 8vo. Price 28. 6d. net. (Post 
free, 2s. 9d. home; 2s. lOd. abroad.) 



Bookbinding. 



PRACTICAL BOOKBINDING. By Paul Adam. Translated 
from the German. Crown 8vo. 180 pp. 127 Illustrations. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
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Sugar Refining. 



THE TECHNOLOGY OP SUGAR: Practical Treatise on 
the Modern Methods of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By John Geddbs McIntosh. Second Revised and 
Enlarged Edition. Demy 8vo. Fully Illustrated. 436 pp. Seventy-six 
Tables. 1906. Price 10s. 6d. net. (Post free, lis. home; lis. 6d. 
abroad.) 

Contents. 

Chemistiy of Sucrose, Lactose, Maltose, Glucose, Invert Sugar, etc.— Purchase and 
Analysis of Beets— Treatment of Beets— Diffusion— Filtration— Concentration— Evaporation — 
Susrar Cane: Cultivation— Milling— Diffusion— Sugar Refining- Analysis of Raw Sugars — 
Chemistry of Molasses, etc. 

(See " Evaporating^ Condensing^ etc.^ Apparatus" p. 26.) 

Bibliography. 

CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOKS. Compiled by Edgar Greenwood. 
Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal 
British and American Books in print ; giving Title, Author, Size, Date, 
Publisher and Price. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. 3d. abroad.) 



HANDBOOK TO THE TECHNICAL AND ART 

SCHOOLS AND COLLEGES OF THE UNITED 

KINGDOM. Containing particulars of nearly 1,000 Techni- 
cal, Commercial and Art Schools throughout the United Kingdom, 
including Municipal Schools ; Polytechnics ; Schools of Art, Science 
and Technology ; Colleges of Music and Elocution ; Agricultural, 
Dairy. Farming, Veterinary and Pharmacy Colleges; Domestic 
Economy, Cookery and Evening Classes; and Itinerant Technical 
Classes. With full particulars of the courses of instruction, names of 
"principals, secretaries, etc. Demy 8vo. 150 pp. Price 3s. 6d. net. 
(Post free, 3s. lOd. home ; 4s. abroad.) 



THE PLUMBING, HEATING AND LIGHTING 
ANNUAL : The Trade Reference Book for Plumbers, 

Sanitary, Heating and Lighting Engineers, Builders' Merchants, Con- 
tractors and Architects. Bound in cloth and gilt lettered. Price 
2s. net. (Post free, 2s. 4d. home ; 2s. 8d. abroad.) 



SCOTT, GREENWOOD & SON, 

(Tecbnical :©ooft anD (TraOe Journal publi6ber3, 

8 Broadway, Ludgate Hill, 
London, E.C. 

Telegraphic Address, " Printeries, London". Telephone, Bank S403. 

[yanuary'y 1909. 



seoc 
leand 
1 anL^ 
ity-si? 
s.'6d 



t 2Ed 

itm- 
gars- 



OD. 
ipal 
ate, 



;d 

01- 
IT, 
Ci' 

a!. 
:'L 
J. 
j: 

I. 



